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1. Inclosed is the report "Setting Control Boundaries from Igloos. Storing Pyrophoric
Depleted Uranium." This document details the physical, environmental, and regulator:
grounds limiting exposure to toxic, airborne aerosols of Uranium-238 in the event of
unplanned ignition and fire of associated munitioms.

2. Point of contact for additional information is Michael Funkhouser, Autovon
354-5437 or Robert C. McMillan, Autovon 354-5133, this Command.

Chief, Material Technology Laboratory
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SETTING CONTROL BOUNDARIES FROM
IGLOOS STORING PYROPHORIC DEPLFTED URANIUM (DU)

1. PURPOSE:

a. A set of control boundaries are provided in this report and extend from
stockpiles of munitions incorporating depleted uranium (DU) whether in storage or
in transit. These boundaries minimize potential exposure to toxic, airborne
aerosols of pyrophoric uranium.

b. These control boundaries represent a characteristic measurement of dose
from an inhaled aerosol of uranium generated by an unplanned ignition of associated
munitions. This measurement is a complex calculation. Viable regulatory limits
must be assessed for a single acute emergency release of a radio-chemical agent.
Significant population differences will mitigate toxic exposures to this agent.
Physical characteristics of the agent, on-site storage configuration of associated
munitions, and local micro-meteorological conditions will necessarily impact on
the final dose commitment to any one individual at the control boundary.

2. REGULATORY LIMITS AND RADIOLOGICAL MODELS.

a. Current regulatory requirements limiting exposure to concentrations of
airborne aerosols of. uranium are derived from extensive research and industrial
epidemiology. The Nuclear Regulatory Commission (NRC) has promulgated Table I,
Appendix B, at 10 CFR 20 which limits weekly occupational exposure to aerosols of
Uranium-238 (DU) at 0.2 mg/m3 for a time integrated concentration (CT) factor of
8 mg-hr/m3.

b. Similarly the American Conference of Governmental Industrial Hygienists
(ACGIH) has recommended a Threshold Limit Value of 0.25 mg/m3 at references 1 and
2 (at paragraph 9 ) for airborne concentrations of uranium and its aerosols.

c. A significant proposal by I.S. Eve at reference 3, incl 1, suggests a
maximum planned emergency inhalation for occupationally exposed persons to 10 mg
of uranium. At a breathing rate of 1.25 m3/hr, a maximum planned emergency CT
factor of 8 mg.-hr/m3 or 480 mg-min/m3 is calculated. '

d. This value is consistent with both the Reference Man Model and the Task Group

Lung Model as calculated by McMillan and Air Force at references 4 and 5. Although
these models assess radiological toxicity, chemical toxicity to the kidneys follow-
ing acute inhalation of somatic transportable gU at references 6 and 7 cannot be
dismissed. Hence, a CT factor of 480 mg-min/m’ is not only conservative with
respect to the radiological models as reported; it is also consistent with labora-
tory studies at references 1, 2, 7, 8, 9, 10 and 11 assessing nephrotoxicity
following acute inhalation and ingestion of both soluble and insoluble uranium
compounds in excess of 480 mg-min/m3.



3. PHYSICAL AND CHEMICAL PROPERTIES.

a. Uranium is a dense metallic white metal which is pyrophoric when finelv
divided. It oxidizes in air and dissolves in acidic solution. Natural uranium
consists of three isotopes: U-234, U-235, and U-238. (The latter most is princi-
pally depleted uranium). Each is radioactive and chemically toxic. With a
chemical valence of 3, 4, 5, or 6, uranium forms complex molecular salts, nitrates,
oxides, and carbonates. Each form is relatively soluble depending on the pattern
of physical entry into the body and its metallurgical state.

b. Solubility is greatly enhanced when uranium compounds are dissolved in
carbonic solutions in finely divided grains. Once dissolved in extracellular
fluids, a mildly acidic solution, uranium becomes a nephrotoxic agent to the kidneys
an insoluble aerosols become a radiotoxic agent to the lungs. In particular, the
soluble characteristics of aerosols of complex uranium oxides (UxOy) is discussed
at reference 6. Up to 50% of aerosolized DU dissolves in simulated lung fluid
(a carbonic solution) in seven days. This fraction represents a transportable
nephrotoxic dose of uranium to the kidneys. About 80% of this fraction is released
to the urine in 24 hours at references 9 and 12. The remaining 20% is released
from the kidneys with a biological half 1life of 15 days at reference 13. The non-
transportable fraction of 507 represents a radiological dose commitment to the
lungs with a biological half life of 380 days at reference 12. An evaluation of
dose commitment follows at paragraph 8.

4. POPULATION CHARACTERISTICS AND DOSE RESPONSE.

a. An unplanned, spontaneous ignition of munitions incorporating quantities
of DU in storage or transit may expose local populations including support personnel,
to potentially toxic levels of airborne aerosols of uranium. Pertinent radiological
limits, however, have been modelled on the concept of a radiation worker whose
slightly elevated body burden of uranium is held constant by the particular retention
and excretion dynamics which are characteristic of an adult (Reference Man ICRP 23).
Such modelling is absent among a diverse population of infants, children, and
adults of various consitutions with no significant body burden of uranium. The
nephrotoxic limit of 3ugm/gm of kidney at references 2 and 5 is, however, uniformly
applied throughout the population.

b. Unlike radiological limits which assume a linear response as dose approaches
zero at reference 14, the nephrotoxic limit is a threshold effect characteristic
of repairable, incipient kidney damage at reference 2 and 9. The maximum
permissible occupational exposure from an actue, emergency release of airborne
aerosols of uranium is, therefore, assumed applicable to a local population, not
subject to chromic weekly exposures permitted among adult radiation workers.

c. The proposed control boundaries derived at paragraph 7 are consistent with
NRC requirements and ACGIC recommendations limiting exposure to airborne aerosols
of uranium. These boundaries are especially sensitive to onsite configuration and




storage parameters. Furthermore, the rate of oxidation, pyrotechnics, composition
and design of the munitions, local meteorological conditions and effective

emergency response to an unplanned incident will greatly mitigate upon any potential
exposure. Relevant onsite and meteorological assumptions are proposed at paragraph 6.

5. ONSITE CONFIGURATION AND ASSUMPTIONS.

a. To assess the nephrotoxic fraction of somatic transportable (soluble) DU
released to the plume during a fire, the following assumptions are consistent
with references 6, 15 and 16:

(1) 30% of the rounds are "effected"; 70% are "uneffected."
(2) 50% of the rounds are aerosolized; 50% are deposited onsite.

(3) 50% of the aerosolized compounds are of respirable size: 50% are
nonrespirable. :

(4) 50% of the aerosolized compounds of respirable size are transportable
(nephrotoxic limits); 50% are nontransportable (radiotoxic limit).

b. The somatic transportable nephrotoxic contribution to the kidneys is
3.75%. This fraction is the product of the effected, aerosolized, respirable
and soluble fractions from compounds of uranium released to the plume following
spontaneous ignition and fire of stored GAU-8 ammunition.

c. The somatic nontransportable radiotoxic contribution to the lungs is
likewise 3.75%. This fraction is the product of the effected, aerosolized,
respirable and insoluble fractions from compounds of uranium released to the plume.

6. MICRO-METEOROLOGY AND BOUNDARY LIMITS.

a. Aerosols of uranium are essentially trapped and carried by a plume whose
displacement and configuration is characterized by the adiabatic lapse rate,
atmospheric diffusion, radiant index, turbulence, and wind velocity. Such effects
are subsumed in Pasquill's Stability Categories A, B, C, D, E, and F. Categories
A, B, C, and D characterize normal daylight adiabatic lapse rates. A wind velocity
of 1 m/sec (2.2 mi/hr) suggests an extremely unstable lapse rate designated A; at
3 m/sec, a moderately unstable rate of B; and at 5 m/sec or more, a slightly
unstable or neutral rate of C or D.

b. Seasonal variations tend toward the unstable lapse rates during summer
(A or B) and near neutral during winter (C or D).

c. Categories D, E, and F characterize nightime inversions. Light winds of
less than 3 m/sec favor the moderately stable category of F, while winds greater
than 3 m/sec favor the slightly stable category of D. Little seasonal variation
is noted. Detailed theoretical and empirical studies can be found at references
17, 18 -and 19 which can be adapted to local conditions.




d. In the absence of meteorological data, a daylight stabilityv category of
A may be considered for near calm. Categories B or C for perceptible breezv or
windy conditions. At night, consider category F for near calm: otherwise, consider
categories E or D for perceptible breezy or windv conditions.

e. In general, decreasing wind velocity will transport a plume with a given
airborne concentration of aerosols an increased distance downwind through a
narrowly defined sector of about 22.5 degrees. Similarly, a calm nightime
inversion will transport an airborne aerosol concentration an increased distance.

f. Practical control boundaries, therefore, may not assure an optimum limiting
exposure to extremes in local meteorological conditions. However, the combination
of numerous safety variables and probabilities of spontaneous ignition suggest the
recommended control boundaries are practicable. ‘

7. DERIVED‘CONTROL BOUNDARY LIMITS.

a. The derived control boundaries increase in inverse proportion to the
integrated, time-concentration .factor designated as D in units of mg-min/m3.
The boundaries furthermore increase in direct proportion to the source strength.
The source strength is the product of the amount of stored uranium in units of
kilograms per unit wind velocity (kg-.sec/m) and the fraction of transportable
uranium (3.75%) released to the atmosphere following spontaneous ignition and fire
of stored ammunition.

b. To enclose a given exposure (D) in mg.min/m3, the derived control boundaries
must gradually increase as the vertical atmospheric temperature gradient proceeds
from an extremely unstable lapse rate to an extremely stable lapse rate (A through
F). Graphs from Figures 4.3.la. and b. through 4.3.6 a. and b. at reference 20
provide recommended boundaries for each of Pasquill's Atmospheric Stability Categories

c. Recommended control boundaries are provided at inclosure 2. These boundaries
minimize potential exposure to nephrotoxic and radiotoxic aerosols of uranium during
a fire for each stability class A through F.

d. Initial conditions which minimize toxic exposures follow from recommended
CT factor as developed at paragraph 2. Higher exposures result as control boundaries
are reduced. Similarly, higher exposures result as the product of the source strength
and the fraction of transportable uranium released from a fire increases. Higher
wind velocity effectively reduces the source strength on account of increased
atmospheric mixing with a longer volume of air.

e. To set initial control boundaries upon ignition and fire of GAU-8 munitions,
use the nomograph at inclosure 3 and make the following assessment:

(1) Determine the mass (kg) of depleted uranium at storage site which is in
conflagration. :

(2) Determine the wind speed, direction, and atmospheric stability class from
onsite instrumentation.



(a) Judge atmospheric stability class from outline at paragraph 6; other-
wise assume stability class F.

(b) Read wind conditions from appropriate instruments: otherwise assume wind
speed of one (1) meter per second (m/s).

(3) Divide the amount (A) of burning mass of depleted uranium by the wind
speed (U) to obtain (A/U) in units of (kgesec/m).

(4) Use the nomograph and connect the value of (A/U) to either side of the

graph and read the initial control boundary in meters for a specific atmospheric
class.

f. The graphs from Figures 4.3.la. and b. through 4.3.6a. and b. at reference
20 may be directly utilized by making the following adjustments in nomenclature:

(1) Replace D in figures with (CT) at paragraph 2.

(2) Replace Q(mg) in figures with A(mg)-f (Amount stored-somatic (non)trans-
portable fraction from fire and deposited to the (lung)kidney) at paragraphs 5 and 7.

(3) Replace DU/Q in figures with (CT)-U/A.f = (CT)/(SS) where the source
strength (SS) is (A-f/U) and U is the wind speed in meters per second (m/s).

(4) The quantity (CT)/(SS) decreases as a function of the reciprocal of the
the distance in meters (m).

8. RADIOLOGICAL IMPLICATIONS AND POPULATION DOSE.

a. The dose commitment to the lungs is proportional to the infinite time
integral of absorbed activity (pCi) from T = O, following a single, acute inhalation
of somatic nontransportable aerosols of uranium. This calculation assumes insignifi-
cant previous accumulation and no additional accumulation is assumed.

b. The activity (A) present in the lungs decreases at an exponental rate .
with time, or

Aty =ae-hT

where Ay is the inhaled activity deposited to the lungs from somatic nontransport-
able uranium, by the relation

Ao(uCi) = CT (mg.hr) x v (?_) x SpA (221_) x £y
m r mg



where CT 1is the integrated time-concentration factor as developed at
paragraph 2,

\Y is the ventilation rate of 1.25m3/hr ref. (ICRP),

SpA is the specific activity for Uranium-238 of 0.333 uCi/103mg
of DU,

f; 1is the insoluble, nontransportable, fraction deposited in
the lungs as developed in paragraph 5,

and
X; is the effective elimination rate of 1n2/380 days (ref. 12).

Upon substitution and evaluation of the numerical constants, the inhaled deposition
is

A, =8.0mg.hr x 1.25m3 x 0.333uCi x 0.0375
m> . hr 103mg
A, = 1.25 x 10~4uCi

c. The dose equivalent (DE) rate to the lungs in units of mrem/day follows
the differential relation

d DE(mrem - Aoe‘}eT'(pCi) ‘x g|MeVerem) x 1 X
dt day dis-rad m(gm)
103mrem x 1.6 x 106erg X gm-rad X
rem MeV 100erg
86400 sec x 37x10°  dis
day sec-uCi
where
S is the effective absorbed energy per disintegration of
43 MeV-rem/dis-rad for Uranium-238 (DU)
and
m is the mass of the lungs of 1000 gm. Upon substitution and
evaluation of the numerical constants of proportionality in
brackets, the dose equivalent rate to the lungs becomes
d DE (mrem = 2.2 x 103 Aoe‘XET
dt day



d. Solution to the infinite time ihtegral of absorbed activity from t = o
becomes the dose commitment to the lungs or

DE(mrem) = 2.2 x 103A, (l—e-AEr)
Ae
where
A = 1.25 x 10"4uCi

o

1n2/380 = 1.82 x 1073 day~!

he

(1) In one year the dose commitment to the lungs is:

DE (mrem) 2.2 x 103 (1.25 x 10~%uCi)-day- (1-exp(-1.82 x 10-3
lyr 1.82 x 10-3

x 365)) (mrem)
- ' uCi.day
73.3 mrem

(2) In 50 yrears the dose commitment to the lungs is

DE (mrem) 2.2 x 103(1.25 x 10~%4)
50yr 1.82 x 10™3

151 mrem

e. The derived annual dose commitment to the lungs following a single, acute
inhalation of aerosols of uranium is less than 15% permitted nonoccupationally
exposed individuals. If the assumptions at paragraph 5 are reliable, one may be
tempted to augment the nontransportable fraction of activity deposited to the
lungs as developed at paragraph 2 by enhancing the CT factor and reduce the derived
control boundaries proportionately. A six fold increase in the CT factor from
8 to 48 mg.hr/m3 results in an annual dose commitment to the lungs of 6 x 73.3 mrem
or 440 mrem. Although less than the permitted annual nonoccupational dose, a six
fold increase represents an acute insult of 10mg x 6 x 0.0375 or 2.25mg of somatic
transportable (soluble) uranium to the kidneys. This exceeds the maximum permissible
uranium limit to the adult size kidney which is 0.9mg; and it greatly exceeds the
permissible uranium limit to the infant size kidney which is 0.165 at references
2 and 5.

f. 1If the assumptions at paragraph 2 are reliable, an increase in the somatic
nontransportable radiotoxic contribution to the lungs from 3.75% to 22.5% at
paragraph 5 would yield the same nephrotoxic and radiotoxic values of 2.25mg and
440 mrem respectively. Indeed an increase from 3.75% to 9% would match the adult
limit: 10mg x 0.09 = 0.9mg. An acute insult of 10mg at a deposition fraction of
3.75% delivers 0.375mg to the kidney which is the child's nephrotoxic limit.



g. It is therefore the enhanced nephrotoxic sensitivity that governs the

derived control boundaries at paragraph 7 while committing a nominal non-occupational
radiplogical dose to an exposed population.
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SOME SUGGESTED MAXIMUM PERMISSIBLE SINGLE
INTAKES OF URANIUM

LS. EVE

United Kingdom Atumic Energy Authority, Radiological Protection Division,
/wuthority Health and Safety Branch, Harwell, Berks, England

(Received 7 February 1964; in revised form 18 AMay 1964)
Abstract—The Recommendations of the International Commission on ‘Radiological Pro-

tection (1959) give maximum prrmissible concenirations for uranium in air and water, but
hefore the issue of JCRP Publicatien G in 1964, thare were no instructions cancerning the time

paper, which was circulated informally in the

over which MPC's based on chemical taxicity of uranium might be averaged. The present

U.K. Atomic Encrgy Authority before the issue

of JCRP Publicatiém 6, makes sume suggestions regarding wniNN eI ERESATN s taral
D e ———— YR e :

(a) Maximum singic intake of inhaled uranium in | day

(b} Maximum single intake of ingesicd uranium in | day

{c) Maximum planicd cmergency inhalation for occupativnally-exposed persons

25 mg
150 mg
10mg

Publication 6.

INTRODUCTION

Tue 1939 Report of ICRP Commitiee 11'% siated
that “over a period of 13 weeks, thconsmem-
C TIPSR IEEER prosent in
4iF OF 1IN water y

Emevsnhisnd® during any |3-week period dum

: i by ex-
i»sure at the onnstant levels indicated in sub-
ection | above,™ JCRP Main Commission Report
'19539)M jndicated that doses averaged over 13
weeks should be measured in rems and therefore
presumably this did not pruvide for eslmisic

SEmEREEES -rather than to radivacivity.
Paragraph 52 () of ICRP Publicatien 6™ 'now
lays duwn limits for the inhalation of not more
than 2.5 mg of suluble uranium in | day, or the

H ingestion of not more than 150 mg of soluble

uranium averaged over 2 days. The conse-
qucnces of inhaling or ingesting a 13-week dose
of uranium in a short period of time, before
these limits were applied, are discussed below.
INMALED URANIUM ‘

Radiction workers—inbaled suluble wranivm

If a natural uranium airhorne exposure at
the maximum permissible lcvel was averaged

)

The first two of these suggestions are now in line with the recommendations of /CRP

over 13 weceks the result would be as follows:
m.p.c.a U(nat) (soluble) = 7 x 10~% uc/cm?
= 210 pg/m3 (40-hour week m.p.c.).

If this is integrated over 13 weeks or 63 work-
ing days, then expusure = 210 x 10 x 65 ug
inhaled = 136 mg U inhaled in one incident
(10 m3 air inhaled/day).

Twenty-five per cent of this goes 10 the blood
stream, i.e. 34 mg (ICRP model).

Approximately 50 per cent of this would be
excreted in less than 24 hr,™ say in 1 1. of urine.
“Thercfore urine would contain 17 mg/l. ura-
nium (natural).

U.K. Atomic Energy Authority experience as
quoted by BUTTERWORTH'® shows that from a
single exposure to uranium several mg/l. of
uranium in urine would produce albuminuria,
although prulonged exposures would produce
albuminuria at lower levels of a few hundred
#gfl. of uranium. One case of acute UF,
inhalation scemed to produce albuminuria at
2 mg Ufl. Thereforea figure of 17 mg/L. U(nat)
in urine would almost certainly produce albu-
minuria, although whether this would be per~
manenty harmful is a more debatable question.
Lresseraior ef 4.9 state that the minimal in-
Jected dose nceessary to produce catalasuria and
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Table |
. Equivalent
Lethal dose® in 60-kilo
Animal U(nat) man

Rabbit 0.1 mg U/kg 6 mg
Guinea pig 0.3 mg U/kg 18 mg
Rat | mg Ufkg 60 mg
Mouse 10-20 mg U/kg  600-1200 mg
Dog (subcutaneows
*“‘uranium nitrate™) about 2 mg U/kg 120 mg

® Expressed as lethal dose rather than LDy since
the dose-eflect cunve rises very steeply.

albuminuria in man is of the order of 0.1 mg
uranium/kg body weight for hexavalent ura-
nium. Thus for a 60-kilo man 6 mg in the bLody
would be likely to produne-wnperars Ianey
damsge. This might be equivalent to an inital
excretion of 3 mg uranium/l. urine.

Table | shows approximatomcme iethai dosss
of uranyl nitrate hexa-hydrate solution admin-
istered dravenously in five species of animals,
and followed for up to 29 days.'®

LUESSENHOP of al.'® by extrapolation of ex-
perien~e gained {rom the Massachusetts Hos-
pital scries of cases consider that the injected
lethal dose for man might be about wang

. wranium/fper k@ which is about the same level

as for the rat. Therciore, 0. or ¥ess in:the
tod strearm a2z one:lmme mught produce =
buman fatatitya

From these sources of evidence 34 mg ab-
sorbed into the body in one incident would
appear to be excessive. Therefore a 13-week
dose all in one cxposure must Le ruled out on
toxicity grounds. In man, the urinary excretion
rate from a single dose of suluble uranium
remains high for about 8 hr® and then starts to
fall off fairly rapidly. It would scem reasonable
therefore that | day's total exposure could be
allowed as a single intake; this quantity is
2.1 mg in the air breathed (or to allow some
free play 2.5 mg).

Radiation workers—inhaled insoluble uranium

For insoluble uranium the critical organ is
considered to be the lung, based on radiation
exposure rather than on toxic effect. Insoluble
uranium in the lung is excreted very slowly

o~ L

through the kidneys;'” therefore if it were
certain that all the airbume uranium was in-
soluble, exposures should be able to be in.
tegrated over 13 weeks. However, it is difficult
often to be sure that all the uranium is present
in such form; morcover there might be con-
siderable excretion in the urine cven after 13
weeks had elapsed,'® thus confusing the pattern
of urine analysis during subsequent ruutine
operations. Thercfore, it might be wise not 1
make any exception of insoluble uranium unicw
in very well controlled circumstances. 1t mav
be worth noting that Patierson'® deseribes tw,
cases of human expusure 10 U0, in which
urinary excretion after some davs indicated .
lung half-life of about 120 days, as postulated i
the ICRP (1939) calculations for insnlubic
uranium.’!  Possibly the wetilife in-<ttve-Selt\
varies-awith aive ‘particle sixes of the uraniuin
inhaled. .

Population exposure—inhaled soluble uranium

It is suggested in paragraph 36 of ICRP
(1959:" that, for expusure of special groups of
the population, “the individual maximum per-
missible annual dose will not be excceded from
internal exposure of any single organ, i the
relcase of radioactive material is planned on the
basis of one-tenth of the maximum permissible
concentration(MPC) in air or water as given
for continuous occupational exposure (168-hnut
week)."”

If it were allowable that integration of
uranium dosc could take place over | year we
have:

Occupational m.p.c., U(nai) soluble (168-hu
week) =3 # 107" yc/em?

= 90 pug/md.

Therefore dividing by 10 for population ex-

posure and intcgrating over 32 weeks, there

90
would be produced in a single dose T 20

365 ug = 66 mg inhaled {assuming 20 m? of air
inhalcd per day), or 16 mg in the blood of an
adult, with correspondingly less in a child. This
again would be very likely to pruduce albu-
minuria. cospecially in those with damaged
kidneys.

Pl -
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SUGGESTED MAXIMUM PERMISSIBLE SINGLE INTAKES OF URANIUM 775

and thus difiers from the radiation hazard
which, for many of its effects, is cumulative.
Also HopoGe ¢t al.'™ in discussing MAC's for
uranium in air, based their arguments on ex-
periments in which animals were exposed to
sicady levels of atmospheric uranium rather
than to a series of larger doses spaced at in-
tervals,  Moreover, there secms 10 be no
tendency to quote special public health m.p.c.'s
fur chemically toxic sulstances (except in the
case of bLeryllium). Therefore it s sugpested
that for adults in a population, and for purpases
«of averaging only, the maximum single intake by
the inhalation route should be the same as for
the occupational situation, ‘i.c. approximately
2.3 mg uranium. The maximum single intake
le children would be lower by a factor ranying
up to about 10 depending upon age and kidney
«ize, but on the other hand minute volume
hizures for air breathed at different ages vary by
a factor of the same order,"'® 5o that the appro-
jriate concentrations in air would be likely to be
sbuut the same as for adules.

Vupulation exposire—inhaled insoluble wranixm

There is usually some diflicuity in deciding
whether uranium to which a population may be
«xpused is in the soluble or insoluble form; if,
Lowever, cxposure was definitely proved to be
ddae to insoluble material only, then the hazard
would appear to be mainly of a radiological
«haracter, with the lung as the critical organ.
In this case the averaging rules as enunciated by
the ICRP would, of course, apply.

INGESTED URANIUM

Ingestrd wranium—orcupational and population

«tpasure
Similar calculations can e made for ingested

-uranium, e.g.

m.p.c., U(nat) soluble or insoluble (168-hr

week) = 2 x 1074 pc/em?® (ICRP 1959)
=6 x 107 g/em?®,

Daily amount ingested at m.p.c.

=6 x 10~ x 2200g (asuming water in-

take = 2200 cm?/day)

= 1.3 g (occupational) or 0:13 g (population
__ cxposure).
2-week exposure (ingested)

= 0.13 X 365 i= 47 g (population exposure).

This again would scem to be much too much

if ingested in one dose. A human volunteer
ingested 1 g of uranyl nitrate hexahydrate in
200 cm? water (= 0.47 g uranium)." He ex-
perienced rather violent vomiting, diarrhoea
and slight aibuminuria with a peak uranium
output in urinc at the rate of 8 mg U/1. (on two
specimens of 30 mi). In the first 7 days he
excreted in his urine 2.5 mg of uranium element.

It was thought therdfore that he may have °

absorbed about | per cent of the ingested dose,
i.. much greater than the 10~ fraction esti-
mated by ICRP (1959) and bascd on animal
work.™ More recent work by Fisic et al."'® on
dogs given uranyl fluoride in water by mouth,
showed that uptake into the bloodstream aver-
aged 15 per cent of the rather high dose
administered.

It seems that the 1959 occupational m.p.e.
for ingestion might have been rather high and
that the irritative effect of these comparatively
large amounts or uranium on the gastrointes
tinal tract may have been underestimated.®
The occupational m.p.c. for ingestion is how-
cver only of interest as 2 measure of the gravity
of an accidental ingestion in a radiation worker.

The more important figure to establish is the
population dase for ICRP Group B(c) which
an individual may ingest at one time. Evidence
is lacking, but it is suggested that approxie
mately onc-third of the dose found 10 be
irritating 10 the gut in the above experiment
might be allowable, i.e. 150 mg uranium
(mcasured as the clement). This would be
cquivalent 10 averaging the maximum per-
missible expomsure over 2 days il only fuid
intake (1200 cm3/day) is. contaminated, but
would represent a shorter time than this if total
water intake (2200 cm3/day) is contaminated.®

Since children’s kidneys are about one-tenth
the size of an adult’s, it would seem logical to
reduce the above intake by one-tenth for
environmental use.® The weight of both
kidneys in a new bom baby is 20-30 g, whilse
the weight of both kidneys in adults is 260-
360 g."® The fluid intake of a baby is about

® KCRP Publication 6 has tackled these problems by
reducing factor f, (fraction reaching organ of refer
ence by ingestion) from 104 to 10~9, as well as by
laying down maximum limits for inhalation and

.
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a fifth of that of an adult,"¥ so that this factor
partially compensates for the smaller size of a
baby's kidneys.relative to those of an adult.

PLANNED EMERGENCY EXPOSURES
OF EMPLOYEES

It is suggested that 10 mg of soluble naturai
uranium inhaled over a short period would, on
ICRP principles, lead 10 a total dose of 2.5 mg
in the bloodstream (i.c. absorbed dose). Thisis
somewhat less than the 0.1 mg/kg injected dose
which LUvEsENHOP e of.'™ mention as the
nephrotoxic dose for man. Therefore a figure
of 10 mg nawral uranium in the total air
breathed over a period might be considered as
a reasonable “planned emergency exposure” in
the ICRP sense. In effect this would be
equivalent to administering necarly 5 davs’ dose
at one time, but this dose would be subject to
the rules of other planned emergency exposures.

ENRICHED URANIUM

For enriched uranium the principles dis-
cussed above would apply for the toxic effect.
but the radiological eflect on bone or kidney
could be integrated in the ICRP way. The
simpl-st solution is to express maximum single
intakes of uranium in units of weight as above,
and consider that these apply 10 any given
enrichment of uranium.

Ackno:cledgment—1 am grateful to a number of col-
leagues in the United Kingdom .A\iomic Fnergy
Authority and 10 Dr. J. F. Lovnr of the Mcdical
Raearch Council, who have criticisd an earlier
draft of this paper.
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Amount Stored
per unit
wind velocity

(A/U)
kg sec/m

100.
200.‘
500.
800.
1000.
2000.
5000 .
8000.
10000.
20000 .
50000 .
80000 .

100000 .

Incl 2

km

0.04

0.05

0.76

0.94

0.1

0.14

0.25

0.27

0.36

0.52

0.64

0.7

CONTROL BOUNDARY FOR FIRES

PASQUILL'S STABILITY CATEGORIES

B

km

0.04

0.06

0.1

0.13

0:14

~0.19

0.31

0.4

0.44

0.62

1.25

1.4

C

D

DISTANCES

km

0.07

0.09

0.15

0.2

0.22

0.31

0.5

0.66

0.74

1.05

1.7

2.2

2.5

km

0.11

0.16

0.27

0.36

0.4

0.56

1.3

1.5

2.3

3.8

5.6

km

0.15

0.24

0.42

0.56

0.64"

1.9

2.4

2.7

4.4

7.6

10‘

12.

km

.27

0.44

0.
1.
1.

2

5.
6.
10:
19.
27.

31.

8

1

3

.1

6

4
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1. 1Inclosed is the report "Setting Control Boundaries from Igloos Storing Pyrophoric
Depleted Uranium.'" This document details the physical, environmental, and regulatory
grounds limiting exposure to toxic, airborne aerosols of Uranium-238 in the event of
unplanned ignition and fire of associated munitions.
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SETTING CONTROL BOUNDARIES FROM
IGLOOS STORING PYROPHORIC DEPLFETED URANIUM (DU)

1. PURPOSE:

a. A set of control boundaries are provided in this report and extend from
stockpiles of munitions incorporating depleted uranium (DU) whether in storage or
in transit. These boundaries minimize potential exposure to toxic, airborne
aerosols of pyrophoric uranium.

b. These control boundaries represent a characteristic measurement of dose
from an inhaled aerosol of uranium generated by an unplanned ignition of associated
munitions. This measurement is a complex calculation. Viable regulatory limits

- must be assessed for a single acute emergency release of a radio-chemical agent.
Significant population differences will mitigate toxic exposures to this agent.
Physical characteristics of the agent, on-site storage configuration of associated
munitions, and local micro-meteorological conditions will necessarily impact on
the final dose commitment to any one individual at the control boundary.

2. REGULATORY LIMITS AND RADIOLOGICAL MODELS.

a. Current regulatory requirements limiting exposure to concentrations of
airborne aerosols of uranium are derived from extensive research and industrial
epidemiology. The Nuclear Regulatory Commission (NRC) has promulgated Table I,
Appendix B, at 10 CFR 20 which limits weekly occupational exposure to aerosols of
Uranium-238 (DU) at 0.2 mg/m3 for a time integrated concentration (CT) factor of
8 mg-hr/m3.

b. Similarly the American Conference of Governmental Industrial Hygienists
(ACGIH) has recommended a Threshold Limit Value of 0.25 mg/m3 at references 1 and
2 (at paragraph 9 ) for airborne concentrations of uranium and its aerosols.

c. A significant proposal by I.S. Eve at reference 3, incl 1, suggests a
maximum planned emergency inhalation for occupationally exposed persons to 10 mg
of uranium. At a breathing rate of 1.25 m3/hr, a maximum planned emergency CT
factor of 8 mg-hr/m3 or 480 mg-min/m3 is calculated.

d. This value is consistent with both the Reference Man Model and the Task Group
Lung Model as calculated by McMillan and Air Force at references 4 and 5. Although
these models assess radiological toxicity, chemical toxicity to the kidneys follow-
ing acute inhalation of somatic transportable DU at references 6 and 7 cannot be
dismissed. Hence, a CT factor of 480 mg-min/m” is not only conservative with
respect to the radiological models as reported; it is also consistent with labora-
tory studies at references 1, 2, 7, 8, 9, 10 and 11 assessing nephrotoxicity
following acute inhalation and ingestion of both soluble and insoluble uranium
compounds in excess of 480 mg-min/m3.



3. PHYSICAL AND CHEMICAL PROPERTIES.

a. Uranium is a dense metallic white metal which is pyrophoric when finely
divided. It oxidizes in air and dissolves in acidic solution. Natural uranium
consists of three isotopes: U-234, U-235, and U-238. (The latter most is princi-
pally depleted uranium). Each is radioactive and chemically toxic. With a
chemical valence of 3, 4, 5, or 6, uranium forms complex molecular salts, nitrates,
oxides, and carbonates. Each form is relatively soluble depending on the pattern
of physical entry into the body and its metallurgical state.

b. Solubility is greatly enhanced when uranium compounds are dissolved in
carbonic solutions in finely divided grains. Once dissolved in extracellular
fluids, a mildly acidic solution, uranium becomes a nephrotoxic agent to the kidneys
an insoluble aerosols become a radiotoxic agent to the lungs. In particular, the
soluble characteristics of aerosols of complex uranium oxides (Ux0Qy) is discussed
at reference 6. Up to 50% of aerosolized DU dissolves in simulated lung fluid
(a carbonic solution) in seven-days. This fraction represents a transportable
nephrotoxic dose of uranium to the kidneys. About 80% of this fraction is released
to the urine in 24 hours at references 9 and 12. The remaining 20% is released
from the kidneys with a biological half life of 15 days at reference 13. The non-
transportable fraction of 507 represents a radiological dose commitment to the
lungs with a biological half life of 380 days at reference 12. An evaluation of
dose commitment follows at paragraph 8.

4. POPULATION CHARACTERISTICS AND DOSE RESPONSE.

a. An unplanned, spontaneous ignition of munitions incorporating quantities
of DU in storage or transit may expose local populations including support personnel,
ta potentially toxic levels of airborne aerosols of uranium. Pertinent radiological
limits, however, have been modelled on the concept of a radiation worker whose
slightly elevated body burden of uranium is held constant by the particular retention
and excretion dynamics which are characteristic of an adult (Reference Man ICRP 23).
Such modelling is absent among a diverse population of infants, children, and
adults of various consitutions with no significant body burden of uranium. The
nephrotoxic limit of 3ugm/gm of kidney at references 2 and 5 is, however, uniformly
applied throughout the population.

b. Unlike radiological limits which assume a linear response as dose approaches
zero at reference 14, the nephrotoxic limit is a threshold effect characteristic
of repairable, incipient kidney damage at reference 2 and 9. The maximum
permissible occupational exposure from an actue, emergency release of airborne
aerosols of uranium is, therefore, assumed applicable to a local population, not
subject to chromic weekly exposures permitted among adult radiation workers.

c. The proposed control boundaries derived at paragraph 7 are consistent with
NRC requirements and ACGIC recommendations limiting exposure to airborne aerosols
of uranium. These boundaries are especially sensitive to onsite configuration and



storage parameters. Furthermore, the rate of oxidation, pyrotechnics, composition
and design of the munitions, local meteorological conditions and effective

emergency response to an unplanned incident will greatly mitigate upon any potential
exposure. Relevant onsite and meteorological assumptions are proposed at paragraph 6.

5. ONSITE CONFIGURATION AND ASSUMPTIONS.

a. To assess the nephrotoxic fraction of somatic transportable (soluble) DU
released to the plume during a fire, the following assumptions are consistent
with references 6, 15 and 16:

(1) 30%Z of the rounds are "effected"; 70% are "uneffected."
(2) 50% of the rounds are aerosolized; 50% are deposited onsite.

(3) 50% of the aerosolized compounds are of respirable size; 50% are
nonrespirable. . :

(4) 50% of the aerosolized compounds of respirable size are transportable
(nephrotoxic limits); 50% are nontransportable (radiotoxic limit).

b. The somatic transportable nephrotoxic contribution to the kidneys is
3.75%. This fraction is the product of the effected, aerosolized, respirable
and soluble fractions from compounds of uranium released to the plume following
spontaneous ignition and fire of stored GAU-8 ammunition. |

c. The somatic nonfransportable radiotoxic contribution to the lungs is
likewise 3.75%. This fraction is the product of the effected, aerosolized,,
respirable and insoluble fractions from compounds of uranium released to thé plume.

6. MICRO-METEOROLOGY AND BOUNDARY LIMITS.

a. Aerosols of uranium are essentially trapped and carried by a plume whose
displacement and configuration is characterized by the adiabatic lapse rate,
atmospheric diffusion, radiant index, turbulence, and wind velocity. Such effects
are subsumed in Pasquill's Stability Categories A, B, C, D, E, and F. Categories
A, B, C, and D characterize normal daylight adiabatic lapse rates. A wind velocity
of 1 m/sec (2.2 mi/hr) suggests an extremely unstable lapse rate designated A; at
3 m/sec, a moderately unstable rate of B; and at 5 m/sec or more, a slightly
unstable or neutral rate of C or D.

b. Seasonal variations tend toward the unstable lapse rates during summer
(A or B) and near neutral during winter (C or D).

c. Categories D, E, and F characterize nightime inversions. Light winds of
less than 3 m/sec favor the moderately stable category of F, while winds greater
than 3 m/sec favor the slightly stable category of D. Little seasonal variation
is noted. Detailed theoretical and empirical studies can be found at references
17, 18 and 19 which can be adapted to local conditions.



d. In the absence of meteorological data, a daylight stability category of
A may be considered for near calm. Categories B or C for perceptible breezy or
windy conditions. At night, consider category F for near calm; otherwise, consider
categories E or D for perceptible breezy or windy conditionms.

e. In general, decreasing wind velocity will transport a plume with a given
airborne concentration of aerosols an increased distance downwind through a
narrowly defined sector of about 22.5 degrees. Similarly, a calm nightime
inversion will transport an airborne aerosol concentration an increased distance.

f. Practical control boundaries, therefore, may not assure an optimum limiting
exposure to extremes in local meteorological conditions. However, the combination
of numerous safety variables and probabilities of spontaneous ignition suggest the
recommended control boundaries are practicable.

7. DERIVED CONTROL BOUNDARY LIMITS.

a. The derived control boundaries increase in inverse proportion to the
integrated, time-concentration factor designated as D in units of mg-min/m3.
The boundaries furthermore increase in direct proportion to the source strength.
The source strength is the product of the amount of stored uranium in units of
kilograms per unit wind velocity (kg-.sec/m) and the fraction of transportable
uranium (3.75%) released to the atmosphere following spontaneous ignition and fire
of stored ammunition.

b. To enclose a given exposure (D) in mg.min/m3, the derived control boundaries
must gradually increase as the vertical atmospheric temperature gradient proceeds
from an extremely unstable lapse rate to an extremely stable lapse rate (A through
F). Graphs from Figures 4.3.la. and b. through 4.3.6 a. and b. at reference 20
provide recommended boundaries for each of Pasquill's Atmospheric Stability Categorie

c. Recommended control boundaries are provided at inclosure 2. These boundaries
minimize potential exposure to nephrotoxic and radiotoxic aerosols of uranium during
a fire for each stability class A through F.

' d. Initial conditions which minimize toxic exposures follow from recommended
CT factor as developed at paragraph 2. Higher exposures result as control boundaries
are reduced. Similarly, higher exposures result as the product of the source strength
and the fraction of transportable uranium released from a fire increases. Higher
wind velocity effectively reduces the source strength on account of increased
atmospheric mixing with a longer volume of air.

e. To set initial control boundaries upon ignition and fire of GAU-8 munitionms,
use the nomograph at inclosure 3 and make the following assessment:

(1) Determine the mass (kg) of depleted uranium at storage site which is in
conflagration. :

(2) Determine the wind speed, direction, and atmospheric stability class from
onsite instrumentation.
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AMMRC SAFETY PROCEDURE 4 January 1982
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STANDING OPERATING PROCEDURE
HANDLING AND PACKAGING OF
DCPLETED URANIUM WASTE

. Paragraph
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1. Purpose. To prescribe specific procedures for handling and packaging
depleted uranium waste at AMMRC (hereafter designated as DU).

2. Scope. Appliéable to all personnel involved with handling and packaging
of ‘DU waste. '

3. Policy. All handling and packaging of DU waste will be in such a manner
as to minimize radiation exposure to personnel, spread of contamination and
volume of waste generated.

4. Responsibilities. a. Chiefs of organizations and/or labs generating DU
waste are responsible for:

(1) Complying with and enforcing the handling and packaging require-
ments prescribed in this safety procedure. o

‘ (2) Assuring that his/her personnel are properly instructed and trained
in the requirements for handling and packaging of DU waste.

(3) Providing necessary space, facilities and supplies for the proper
handling and packaging of DU waste.

b. Supervisors of workers who generate, handlé, and package DU waste are
responsible for: :

(1) Assuring that his/her personnel are instructed in requirements for
handling and packaging of DU waste, and compliance with applicable rules, and’
regulations governing radiological waste packaging.

(2) Assuring that required monitoring devices, protective clothing,
and equipment, and contamination methods are used.

(3) Notifying the Radiation Protection Officer, (hereafter designated
as RPO), prior to the sealing of any DU waste barrel.
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(4) Assuring that no liquids of any kind are contained within a DU
waste barrel.

(5) Assuring that all waste barrels are lined with a 4 mil or heavier
poly bag.

(6) Assuring that DU waste volume is minimized through recycle and
compaction techniques.

c.. . The RPO is responsible for:
(1) Verifying contents of all DU waste barrels.

(2) Assuring that packaging is in compliance with all applicable reg-
ulations. '

(3) Assuring that barrels are sealed properly.

(4) Assuring that the proper procedures are being followed for the
handling and packaging of DU waste.

5. Procedures. a. General handling and packaging of DU waste and DU contanm-
inated trash. .

(1) Large DU pieces, (i.e., rings, slugs, cuttings) will be recycled
wher'e practicable.

(2) New 17-H type yellow barrels (30 or 55 gallon) will be utilized.
(3) Each container will be lined with a 4 mil or heavier poly bag.
(4) No liquids will be placed in any waste container.

(5) Shopcoats, glovés, and film badges will be worn while packaging -
waste.

(6) All DU contaminated trash will be compacted to reduce volume of
waste prior to packaging.

(7) DU waste barrels (55 gallon) 'shall not exceed 600 1bs., gross weight.
(8) Only heavy duty retaining rings and 5/8-inch bolts will be used.
Each bolt will be fitted with a lock nut, tightened, and secured by '"staking" the

threads.

(9) The RPO will inspect all full waste bafrels, prior to sealing, for
disposal. :

- b. DU Machinc Turnings, (including chips, particles and small pieces).

(1) Turnings will be poly-bagged at the end of each work day and sub-
merged in water until incineration. :

2



(2) Incineration will be performed in accordance with AMMRC SOP ﬁo. 385-23,

"Incineration of Depleted Uranium Machine Turnings, Building 43".
c. DU Remelt Slag.

(1) DU remelt slag will be allowed to decay to minimize radiation expo-
sure. ,

‘ (2) DU remelt slag will be submerged in water during the decay cycle.
(At least six half-lives or approximately 145 days).

) - (3) Upon completion of decay cycle, the remelt slag should be handled
the same as DU machine turnings.

‘D. DU Liquid Wastes.

All DU liquid wastes will be referred to the RPO for monitoring, prior
to disposal.

6. All DU waste barrels, upon completion of prescribed packaging, will be
transferred to the RPO for secure indoor storage pending disposal.

as

Chief, Prototype Development Division

cting Chief, Safety Office

(2]



TABLE I FOR STABILITY CLASS B

CONCENTRATION-TIME FACTOR

| Source - 25 8 : 2.5
Streng‘th mg-hr/m**3  mg-hr/m**3 mg-hr/m**3
~ Distances
ké-sﬁn . km  km km
100 0.144 0.255 0.454
200 - 0.206° = 0.36 -7 0.628-—
500 - ' 0.323 0.566 0.936
800 0.405 10.693 1.124
1000 0.454 1 0.758 1.224
2000 . 0.627 .02 1.591
5000_. 0.936 1.452 2.227
8000 .17 1.74 2.607
10000 S 1.893 2.809
20000 1.585 2.4 3.569
50000 | 2.226 3.268 ' 5.066
80000 " 2.609 3.841 6.196

100000 2.796 4.189 | . 6.77



TABLE-II FOR STABILITY CLASS-D

CONCBNTRATION-TIME FACTOR
Source 25 8 o - 2.5
Strength mg-hr/m**3  mg-hr/m**3 | mg’-hr/m**;'s.
| Distances .+

. kg-s/m km km km

100 ‘ 0.217 '0.392 0.777
200" — 0.321° 0.603 1149 -
500. . 0.532 ©0.994 1.956
800 0.696 1.308 2,528
1000 0.781 ©1.49 2.843
2000 1.146  2.204 4.247
5000 1.95 3.664 o 7.227
8000 2.512 s.854 9.505
10000 2.828 5.518 10.804
120000 4.253 © 8.3l 16.353
50000 7.203 14.144  28.336
80000 " 9.514 . 18.741 36.544
100000 10.867 21.42 - 41.441

'\ - (“’
N o



TABLE III FOR.STABILITY CLASS F

CONCENTRATION-TIME FACTOR

Source 25 8 . 2.5
Strength mg-hr/m**3  mg-hr/m**3 mg-hr/m**3

Distances .

kg-s/m km km km
100 0.356 0.654 1.252
200 0.516 0.949 ©1.895
500 0.834 1.637 3.4
800 1.095 2.149 4.299
1000 1.248 2.7 4.912
2000 1.896 3.663 7.92
5000 3.133 6.58 14.384
8000 4.289 9.13 19.555
10000 4.916 10.555° . 22.663
20000 | 7.897 16.666 3.9
50000 - 14.441 | 30.387 v .vss.427
80000 - 19.61 41.598 87.065
100000 | 22,727  47.986 100. 648



CONTROL BOUNDARIES FOR FIRES
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FIGURE 1. BOUNDARIES FOR DIFFERENT STABILITY
CLASSES
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CONTROL BOUNDARY FOR FIRES

METERS

STABILITY CLASS B

When Stability Class is unknown use F.
When Wind Speed is unknown use 1 meter per second.
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CONTROL BOUNDARY FOR FIRES

METERS

I aUnNL v

STABILITY CLASS D

When Stability Class is unknown use F.
When Wind Speed is unknown use 1 meter per second.
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CONTROL BOUNDARIES FOR FIRES

METERS

STABILITY CLASS F

Use this chart when stabllity class is unknown.
When Wind Speed is unknown, use 1 meter per second.
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ARMY MATERIALS AND MECHANICS RESEARCH CENTER
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AMMRC PAMPHLET : ' 22 March 1978
No. 385-37

Safety
SAFE HANDLING OF DEPLETED AND NATURAL URANIUM
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1. PURPOSE. To prescribe specific procedures pertalnlng to the handling and
storing of depleted and natural uranium.

2. SCOPE. The prov151ons of th1s pamphlet outline minimum safety measures
to be adhered to by all AMMRC personnel involved in handling or processing
depleted or natural uranium.

3. POLICY. It is the policy, of this Center to minimize personnel exposure,
both external and internal, to uranium and uranium compounds, and to maintain
radiation exposures to as low as reasonably achievable .(ALARA).

4. DEFINITIONS. a. In this pamphlet 'uranium" will refer to both depleted
and natural uranium material. :

b. '"Radiation Work Permit' (RWP), XMR FormA311, is the prescribed form
for written approval of certain work to be performed in restricted areas.
(Flgure 1)

c¢. In this pamphlet ‘'respirator" will refer to only those respiratory
protective devices approved by the lational Institute for Occupational Safety
and Health (NIOSH) for use in atmospheres contaxnlng radioactive contaminants.

5. RESPONSIBILITIES. a. The Radiation Protection Officer, (RPO), is respon-
sible for reviewing procedures, making surveys and providing advice and assis-

tance to uranium users and insuring compliance with regulations and approved
procedures.

Al

*This Pamphlet supersedes AMMRC Procedure 385-37, dtd 27 July 1972.
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b. Chiefs of Organizations Using Uranium are responsible for complying
with and enforcing requirements prescribed in this pamphlet which are appli-
cable in all uranium processing areas.

c. Supervisors are responsible for:

(1) Assuring that his personnel are pronerly instructed and trained
in the requirements for working with and handling uranium and for insuring
that employees comply with all applicable rules and regulations.

(2) Assuring that required monitorine dev1ces, protective clothing
and equipment are used by personnel in uranium processing areas.

(3) Assuring that a11 personnel under his control. who are assigned
to work with uranium, are placed on the Occupational Health Roster for
uranium. ‘

d. The individual is responsible for being familiar with all safety
requirements established in this procedure for complying with such require-
ments. '

6. PERSONNEL PROTECTION. a. Protective clothing consisting of shopcoats,
coveralls, trousers and shoe coverings are to be worn by personnel working
in uranium processing areas designated as contamination control areas or as
otherwise specified by the RPO.

(1) Protective gloves will be worn when handling rough pieces of
metallic uranium and other contaminated items.

(2) An adequate supply of protective clothing will be maintained
in uranium operating areas. Special care will be taken to deposit contaminated
clothing in containers provided for that specific purpose.

(3) Respirators will be worn by personnel whenever required and in
new operations. Respirators will be surveyed and decontaminated after each
use and placed in a polyethylene bag.

b. To insure that personnel exposures are kept ALARA the follow1ng
general precautions will be followed:

(1) All personnel will remove protective clothing in the designated
clothing change areas. Protective clothing, other than pants, must not be
worn outside processing of change areas.

(2) Personnel will wash their hands and face before leaving uranium
processing facilities.

(3) No eating, drinking, or smoking is allowed where contaminatiom is
present. _ :
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(4) Approved warning signs, containing a three bladed propeller and
also including the warning - '"Caution Radiation Area", and/or "Caution -
Radioactive Materials', in magenta on a yellow background will identify each
radiation area, and will be posted on a permanent basis.

(5) Uranium process1ng areas will be locked at all times: dur1ng the
absence of operating personnel.

c. All personnel working in uranium areas shall wear personnel monitoring

devices specified by the RPO while working in such areas. These badges: will

not be removed from the uranium facility but will be stored in a location

‘designated by the RPO. The RPO will provide the required film badges and/or

thermoluminescent dosiméters (TLD) to assigned personnel and will change the
monitoring devices periodically.

7. SAFETY PRECAUTIONS IN PROCESSING URANIUM. a. General. (1) All operations
will be conducted in a very clean shop. The operatlon areas shall be mopped
or vacuum cleaned when in use. Sweeping, which raises dust, is prohibited.

(2) Decontamination of areas and machines will be performed upon
determination by the R§OSB that it is required or when existing conditions
approach the maximum contamination level permitted. General cleaning will
be performed daily.

~ b. Machining Uranium. (1) Machining of uranium and uranium alloyed
components will be performed on machines designated for that purpose.
Machines used in processing uranium will be so identified and segregated in
specific areas. Special procedures must be submitted to and approved by the
R§OSB whenever material, other than uranium, is machined on uranium process-
1ng equipment.

(2) A1l equlpment and materials will be decontaminated prior to removal
from uranium processing areas. The RGOSB will determine whether the decon-
tamination has been successful.

(3) Operators will take all necessary precautionary measures to prevent
uranium chips from igniting.

(a) Machining will be done at minimm practical speeds with sharp tools.

(b) Generous use. of coolant and properly grounded tools shall be required.
Corrosion problems concerning lathe beds and other machinery parts will be
eliminated by replacing the soluble o0il coolant with water soluble chemical
base coolants such as "K-7" or '"Cimcool".

{(c) The maximum accﬁmulation of uranium chips allowed on a machine and/
or in the scrap bucket at any one time should not exceed 10 pounds.
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(4) The following prcedure will be adhered to in removing chips and
cuttings from machines:

(a) Place a heavy duty 18" x 24" plastic bag into a 5 gallon can. The
weight of the can is to be predetermined to the nearest one tenth of a pound.

(b) Remove uranium chips and turnings from the machine and place them
into the plastic bag and 5 gallon can.

(c) Weigh the 5 gallon can and its contents and note .the total weight.
The net weight of the uranium is obtained by subtracting the weight of the
5 gallon can and plastic bag from the total we1ght making allowances for
alloy contents. Record the net weight of uranium.

(d) Transfer the contents of the 5 gallon can into a 30 gallon barrel
located outside the east door bay area, Bldg. 312.

(e) At the end of the workshift, the barrel of chips and turnings will
be transfered to a designated storage area for incineration. Pyrophoric
uranium chips and turnings must not be kept in Building 312 overnight.

(£) The gross weight, the net uranium weight, and the words '"CHIPS FOR
INCINERATION" will be marked.~n masking tape apnlied to the side of the
barrel.

c. Melting Uranium. (1) REOSB will be notified whenever a melt is to

be performed.

(2) Additional controlled areas will be set up where appropriate during
uranium melting operations to minimize the spread of contamination.

(3) Respirators and protective clothing w111 be worn when removing a
uranium melt from the furncce and when working on the downdraft table. Care
will be taken to keep airborne particulate to a minimum when remcving the
mold from the furnace. A downdraft table will be used when removing cast
uranium from the mold or cleaning uranium castings.

(4) Exposure to uranium slag should be limited because of slag dose rates
up to 20 Rad/hr. :

d. Forging Uranium. (1) Controlled areas will be set up for all uranium

" forging operations to control the spread of air and surface contamination.

(2) Protective clothing will be worn during uranium forging operations.’
Respirators will be worn during forging operations unless it has been deter-
mined that respirators are not required.
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e. Ventilating and Exhaust Systems. (1) In addition to area ventilating
systems, machines should be equipped with approved permanent or portable venti
v ' ting and exhaust systems to keep uranium airborne concentrations at a minimum.

(2) Air sampling will be conducted by the RPO on a periodic basis. Air
. sampling is also mandatory for all new operations.

f. Sludge in coolant reservoirs and solid wastes from vacuum cleaner
.. sweepings and exhaust filters will be handled as radioactive waste. Pyrophori
material will be incinerated along with uranium chips and turnings. '

g. No new operations will be undertaken without prior approval of the
REOSB. ' '

8. RADIATION WORK PERMITS. a. A RWP is required for work performed in
uranium processing areas under the following conditions: ‘

(1) For work by personnel assigned to these areas, not covered'by an
operating procedure approved by the R§OSB.

(2) For.work performed by pefsonnel not permanently assigned to these
areas, involving a radiological hazard.

b. All work permits will expire on the last normal'working day of the
month during which they are issued, unless otherwise stated on the RWP.

c. The initiation and use of the RWP is the responsibility of the person
requesting or requiring the work. Part II of the RWP is used in conjunction
with a high radiation field, where time limitations will be imposed, or a
contaminated area, and is the responsibility of the RPO.

d. The following procedure will be used in filling out RWP's:
(1) RWP's will be provided by the R§OSB upon request.

(2) The person requesting to do work or have work done, which requires
a RWP, will complete Part I to the extent possible and will list the names
of pers-nnel doing the work in Part II. The RWP will be submitted in triplic
to the RPO.

dimasine ‘ (3) The RPO will designate necessary special instructions and approve th
RWP. Part II of the RWP need only be completed by the RPO if the radiation
field encountered in the work area will necessitate restricting the time
personnel are mitted in the area, or if contamination is expected.
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~ (4) The RPO will retain the second copy of the RWP and will return the
other two copies to the requesting organization.. The requestor will retain

the first copy for his files while the third copy is to be retained at the
work site. : C

(5) At the completion of the job, the third copy of the work permit will
be signed by the requestor and returned to the RPO.

9. VISITORS. a. No visitors will be admitted in uranium processing areas
without express permission from the Chief of the particular organization.

b. Precautions will.be taken so that visitors receive minimal exposure
to ionizing radiation and airborne concentrations of radioactive particulate.

c. Visitors will wear prescribed personnel protective equipment when °
entering uranium processing areas.

d. Visitors must be accompanied by authorized personnel at all times and
a record made of date and length of visit. :

10. EMERGENCY PLAN. a. In the event of a uranium fire certain precautions
must be observed. Radiation contamination may be spread by explosion, smoke,
or any other by-products of fire of firefighting, as well as inadvertant
tracking of radioactive material by personnel or equipment.

b. At least two Melt-X fire extinguishers will be maintained in the working
areas. Nater should not be used for fighting uranium fires. Two clean
respirators restricted for use in firefighting will be maintained in a clean
plastic box located above each extinguisher.

c. In the event of fire, personnel on duty will attempt to control local
fires with extinguishers while wearing properly fitted respirators. Personnel
shall also immediately notify Security (ext 33158), the Building Fire Marshal,
the area supervisor, and the R&OSB (ext 33225 or 33605).

d. Normal operations will not be resumed until the Chief, R§OSB and the
Fire Marshal have determined that the hazardous conditions have been brought
to safe operating levels. '

s e. Semi-annual drills will be conducted by the organization Chief. Drills
— will include the use of emergency respiratory and other protective equipment. A
summary report of each drill will be furnished to the Chief, R§OSB.

11. PADIATION SAFETY SURVEYS. Supervisors of areas processing uranium where
levels of contamination may exceed the established ''clean limits", will survey
their areas at least weekly to insure that their operations are within limits
prescribed by AMMRCM 385-4. Surveys may consist of the following:

X
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RADIATION WORK PERMIT and HEALTH PEYSICS INSTRUCTIONS No.
For Maintenance and Service Operations
PART I (Complete in Duplicate)

Building_ ' Location
Description of Project:

Special Instructions ' Protective Equipment
Notify before starting work. Coveralls

Hand and foot counts required before leaving
Radiation Area.

Ko cuts or abrasions on hands or forearms.

Tool check at completion of work.

SWRVEY: At start of work | | | Continuous
Approved: Date ™
Area Supervisor
Bealth Physicist
PART II
SURVEY : . .
Area mrem/hr. Time in Area
. HJ_'EO Mins.
——— tion
Name Iro.il &; In lOut Contamination: Decontaminated
No. !No, )[Bande Ehoes es|BandsShoes [Clot

Fends Shoes Clot
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a. Area surveys by swipe and instrument readings. Swipes will be read

Tfjf‘ on the Tracerlab ratemeter or equivalent. Results will be recorded.
b. Surveys of all materials leaving the controlled area:
(DRXMR-AR)
FOR THE DIRECTOR:
— OFFICIAL: _ W. R. BENOIT
' - CoL, TC
Commander/Deputy Director
PETER W. LICHTENBERGER
CPT, QMC .
Adjutant
DISTRIBUTION:
B
R&OSB (50 cy)
MAD (75 cy)
g




(a) Judge atmospheric stability class from outline at paragraph 6; other-
wise assume stability class F.

(b) Read wind conditions from appropriate instruments: otherwise assume wind
speed of one (1) meter per second (m/s).

(3) Divide the amount (A)'pf burning mass of depleted uranium by the wind
speed (U) to obtain (A/U) in units of (kg-esec/m).

(4) Use the nomograph and connect the value of (A/U) to either side of the
graph and read the initial control boundary in meters for a specific  atmospheric

class.

f. . The graphs from Figures 4.3.1a. and b. through 4.3.6a. and b. at reference
20 may be directly utilized by making the following adjustments in nomenclature:

(1) Replace D in figures with (CT) at paragraph 2.

(2) Replace Q(mg) in figures with A(mg)-f (Amount stored-somatic (non)trans-
portable fraction from fire and deposited to the (lung)kidney) at paragraphs 5 and 7.

(3) Replace DU/Q in figures with (CT)-U/A.f = (CT)/(SS) where the source
strength (SS) is (A:-f/U) and U is the wind speed in meters per second (m/s).

(4) The quantity (CT)/(SS) decreases as a function of the reciprocal of the
the distance in meters  (m). ‘

8. RADIOLOGICAL IMPLICATIONS AND POPULATION DOSE.

a. The dose commitment to the lungs is proportional to the infinite time
integral of absorbed activity (pCi) from T = O, following a single, acute inhalation
of somatic nontransportable aerosols of uranium. This calculation assumes insignifi-
cant previous accumulation and no additional accumulation is assumed.

b. The activity (A) present in the lungs decreases at an exponental rate
with time, or :

ACt) = Age -l T

where A, is the inhaled activity deposited to the lungs from somatic nontransport-
able uranium, by the relation

Ao(,uéi) = CT{mg.hr) x V (m3] x SpA fuCi) x f,
' ( m3 ) (pr) ( mg) ' *



where CT 1is the integrated time-concentration factor as developed at
paragraph 2, '

\Y is the ventilation rate of 1.25m3/hr ref. (ICRP),

SpA is the specific activity for Uranium-238 of 0.333 pCi/lO3mg
: of DU,

f; 1is the insoluble, nontransportable, fraction deposited in
the lungs as .developed in paragraph 5,

and . -
' )g is the effective elimination rate of 1n2/380 days (ref. 12).

Upon substitution and evaluation of the numerical constants, the inhaled deposition
is

‘A, =8.0mg.hr x 1.25m3 x 0.333uCi x 0.0375
m> ~ hr 103mg
A, = 1.25 x 10-4uCi “

c. The dose equivalent (DE) rate to the lungs in units of mrem/day follows

the differential relation
}

d DE(mrem = Aoe')E7.(pCi)‘ x Z(MeV.rem)| x 1 X
.dt day dis-rad m(gm)

103mrem x 1.6 x 106erg x gm-rad x

rem MeV 100erg
86400 sec x 37x10°  dis
day sec-uCi
where :
£ is the effective absorbed energy per disintegration of
43 MeV-rem/dis-rad for Uranium-238 (DU)

and

m is the mass of the lungs of 1000 gm. Upon substitution and
evaluation of the numerical constants of proportionality in
brackets, the dose equivalent rate to the lungs becomes

d DE (mrem\ = 2.2 x 103 Age~ 2T
dt day '



d. Solution to the infinite time integral of absorbed activity from t = o
becomes the dose commitment to the lungs or

DE(mrem) = 2.2 x 10345 (1-eP€Ty
Ae
where
' A, =1.25 x 107%4uCi

(e}

1n2/380 = 1.82 x 1073 day~!

Me

(1) In one year the dose commitment to the lungs is:

DE (mrem) 2.2 x 103 (1.25 x 10~%uCi)-day-(l-exp(-1.82 x 10-3
lyr 1.82 x 10-3

x 365)) (mrem)
uCi.day
73.3 mrem

(2) In 50 yrears the dose commitment to the lungs is

DE (mrem) 2.2 x 103(1.25 x 10-%)
50yr 1.82 x 10~3

151 mrem

e. The derived annual dose commitment to the lungs following a single, acute
‘inhalation of aerosols of uranium is less than 15% permitted nonoccupationally
exposed individuals. If the assumptions at.paragraph 5 are reliable, one may be
tempted to augment the nontransportable fraction of activity deposited to the
lungs as developed at paragraph 2 by enhancing the CT factor and reduce the derived
control boundaries proportionately. A six fold increase in the CT factor from
8 to 48 mg.hr/m3 results in an annual dose commitment to the lungs of 6 x 73.3 mrem
or 440 mrem. Although less than the permitted annual nonoccupational dose, a six
fold increase represents an acute insult of 10mg x 6 x 0.0375 or 2.25mg of somatic
transportable (soluble) uranium to the kidneys. This exceeds the maximum permissible
uranium limit to the adult size kidney which is 0.9mg; and it greatly exceeds the
permissible uranium limit to the infant size kidney which is 0.165 at references
2 and 5. '

f. 1If the assumptions at paragraph 2 are reliable, an increase in the somatic
nontransportable radiotoxic contribution to the lungs from 3.75% to 22.5% at
paragraph 5 would yield the same nephrotoxic and radiotoxic values of 2.25mg and
440 mrem respectively. Indeed an increase from 3.757 to 9% would match the adult
limit: 1Omg x 0.09 = 0.9mg. An acute insult of 1lOmg at a deposition fraction of
3.75% delivers 0.375mg to the kidney which is the child's nephrotoxic limit.



g. It is therefore the enhanced nephrotoxic sensitivity that governs the

derived control boundaries at paragraph 7 while committing a nominal non-occupatlonal
radiological dose to an exposed population.

9.

10.

11.

12.
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Abstract—The Recommendations of the International Commissioa on -Radiological Pro-

tection (1959) give maximum permissible concentrations for uranium in air and water, but .

before the issue of JCRP Publicatien 6 in 1964, there were no imstructions concerning the time
uver which MPC's based on chemical taxicity of uranium might be averaged. The present
paper, which was circulated informally in the U.K. Atemic Encrgy \uthority before the issue

uof ICRP Publicatien 6, makes some suggostions regardingumsaiinessuiygtedefiesuvietenal
)

for instance:

(a) Maximum singlc intake of inhaled uranium in | day
(b} Maximum single intake of ingrstcd uranium in 1 day

fc) Masimum planied ¢ cmergency inhalation (or occupatiunally-exposed persoms

25 mg
150 mg
10 mg

The fint two of these suggestions are now in line with the recommendatiom of /CRP

Publication 6.

INTRODUCTION

‘Tue 1939 Report of ICRP Commitiee 11" stated
that “over a period of 13 weeks, theossmtm-
T ETIENENRER. prosent in
aif or in water cnnsheslisssshanesgepescidel
emvmnhimd® during any 13-week period dmm

hy ex-
;msure at the constant levels indicated in sub-
section | abuove.” JCRP \\ain Commission Report
‘1959)" indicated that doses averaged over 13
weeks should be measured in rems and therefore
presumably this did not provide for esimille

T —
AmREREER rather;, than to radivactivity.
Paragraph 52 () of ICRP Publication 6™ nuw
lays down limits for the inhalation of not more
than 2.5 mg of suluble uranium in | day, or the
ingestion of not more than 150 mg of soluble
uranium averaged over 2 days. The conse-
uences of inhaling or ingesting a 13-week dose
of uranium in a short period of time, before
these Jimits were applied, are discussed helow.
INHALED URANIUM

Rediation workers—inkaled sluble wranivm

If a natural uranium airborne exposure at
the maximum permissible lc\'d was averaged

over 13 weeks the result would be as follows:
m.p.c.a U(nat) (soluble) = 7 x 1071 uc/cm?®
= 210 ug/m3 (10-hour week m.p.c.).

If this is intcgrated over 13 weeks or 65 work-
ing days, then cxpousure = 210 x 10 x 65 ug
inhaled = 136 mg U inhaled in one incdent
(10 m? air inhaled/day).

Twenty-five per cent of this goes 10 the blood
stream, i.e. 34 mg (ICRP moddl).

Approximately 50 per cent of this would be
excreied in less than 24 hr,® say in | 1. of urine.

Therefore urine would contain 17 mg/l. ura~
nium (natural).

U.K. Atomic Energy Authority experience as
quoted by BrrrErworTH'® shows that from a
single exposure to uranium several mg/l. of
uranium in urine would produce albuminuria,
although prulonged exposures would produce
albuminuria at lower levels of a few hundred
pgfl. of uranium. One case of acute UF,
inhalation scemed to produce albuminuria at
2 mg U/l. Thereforea figure of 17 mg/l. U(nat)
in urine would almost certainly produce albu-
minuria, although whether this would be per-
manently harmiul is a more debatable question.
Luessenior ef 4L'® state that the minimal in-
Jected dose necessary to produce catalasuria and

—— vy —— -
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Table |
Equivalent
Lethal dose® in 60-kilo
Animal U(nav) man
Rabbit .0.1 mg Ufkg 6 mg
Guinea pig 0.3 mg U/kg 18 mg
Rat \ | mg Ufkg 60 mg
Mouse 10-20 mg U/kg  600-1200 mg
Dog (subcutancous :
“uranium nitrate™) about 2 mg U/kg 120 mg

¢ Expreswed as lethal dose rather than LD, since
the dose-effect curve rises very siceply.

albuininuria in man is of the order of 0.1 mg
unniumﬂ.g body weight for hexavalent ura-
nium. Thus for a 60-kilo man 6 mg in the body
would be likely 10 prodmes-wmperarn¥Fdney
damage. This might be cqunalcnl to an initial
excretion of 3 mg uranium/l. urine,

Table | shows approximaicecmse icthai doss
of uranyl nitrate hexa-hvdrate solution admin-
istcred atravenously in five species of animals,
and followed for up 10 29 days.'®

LUESSENHOP of al.'$ by extrapolation of ex-
perien-e gained from  the Massachusetts Hos-
pital series of cases consider that the injected
lethal dose for man might be about w=ng
wranium/per-k@ which is about the same level
as for the rat. Therciure, 60.oogor- Vem m:the
" 4yod stream IR onelsne ANEIR produce =
fmeman fatatitys

From these sources of evidence 34 mg ab-
sorbed into the body in one incident would
appear to be excessive. Thercfore a' 13-week
dose all in one expasure must be ruled out on
toxicity grounds. In man, the urinary excretion
rate from a single dose of soluble uranium
remains high for about 8 hr'® and then staris to
fall off fairly rapidly. It would scem reasonable
therefore that 1 day’s total exposure could be
allowed as a single intake; this quantity is
2.1 mg in the air breathed (or to allow some
free play 2.5 mg).

Radiation workers—inhaled insoluble uranium

For insoluble uranium the critical organ is
considercd to be the lung, based on radiation
exposure rather than on toxic effect. Insoluble
uranium in the lung is excreted very slowly

1. S EVE

through the kidneys;'” therefore if it were
certain that all the airborne uranium was -
soluble, exposures should be able 1o be in-
tegrated over 13 weeks. However, it is difficuht
often to be sure that all the uranium is present
in such form; morecover there might be con-
siderable excretion in the urine even afier 13
weeks had elapsed,'® thus confusing the pattern
of urine analysis during subsequent ruutine
operations. Therefore, it- might be wise not 10

. make any exception of insoluble uranium unlen

in very well controlled circumstances. It mav
be worth noting that Patterson'® deseribes twa
cases of human expusure 10 U;O4 in which
urinary excretion after some days indicated
lung half-life of about 120 days, as postulated in
the ICRP (1939) calculations for insnlubic
uranium.'?  Possibly the teilifecin-thedwi
vearicy-awih-«vve ~parcice sizes of the uraniuin
inhaled.

Population exposure—inhaled soluble uranium

It is suggesied in paragraph 36 of ICRY
(1959:M that, for expusure of special groups of
the population, *“the individual maximum per-
missible annual dose will not be exceeded from
internal exposure of any single organ, if the
relcase of radioactive material is planned on the
basis of one-tenth of the maximum permissibie
concentration(MPC) in air or water as given
for continuous occupational exposure (IGB-Imm
week)."”

If it were allowable that integration of « .
uranium dosc could take place over | yvear we
have:

Occupational m.p.c., L(nal) soluble (168-1n
week) =3 » 10" ucjam®

= 90 pg/m?.

Therefure dividing by 10 for population ex-

posure and intcgrating over 32 weeks, there

would be produced in a single dose ?—g x 20

365 ug = 66 mg inhaled (assuming 20 m3 of air
inhalcd per day), or 16 mg in the blond of an
adult, with correspondingly less in a child. This
again would be very likely to produce albu-
minuria, copecially in those with damaged
kidneys. -

disamiewssarisity-tathe-kidwey-seenwes
wwsewsepbut within limits, a vepavebic-hassi
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and thus differs from the radiation hazird
which, for many of its effects, is cumulative.
Alo Hoocz ¢ ol in discussing MAC's for
uranium in air, based their arguments on ex-
periments in which animals were exposed to
sicady levels of atmospheric uranium rather
than to a scrics of larger doses spaced at in-
tervals.  Moreover, there scems to be no
iendency to quote special public health m.p.c.'s
fur chemically toxic substances (except in the

case of beryllium). Thercfore it is suggested

that for adults in a population, and for purposes
«f averaging only, the maximum single intake by
the inhalation route shouyld be the same as for
the occupational situation, ‘i.e. approximately
2.5 mg uranium. The maximum single intake
hw children would be lower by a factar ranying
up to about 10 depending upon age and kidney
«ze, but on the other hand minute volume
tigures for air breathed at different ages vary by
a factor of the same order,"® so that the a
jriate concentrations in air would be likely to be
abuut the same as for adulu.

I'wpulation exposure—inkaled insoluble wranizm

There is usually some difficulty in deciding
whether uranium to which a population may be
«xprsed is in the soluble or insoluble form; if,
Lowever, exposure was definitely proved to be
«lue 1o insoluble material only, then the hazard
wauld appear 10 be mainly of a radiological
«haracter, with the lung as the critical organ.
In this case the averaging rules as cnunciated by
the ICRP would, of course, apply.

. INGESTED URANIUM
Ingested uranium—occupational and population

< tpasure
Similar calculations can be made for ingested

-uranium, e.g.

m.p.c., U(nat) soluble or insnluble (168-hr

week) = 2 x 1074 pc/em® (ICRP 1959)
=6 x 10~ g/em?,

Daily amount ingesied at m.p.c.

=.6 x 107 x 2200g (amsuming water in-

take = 2200 cm?/day)

= 1.3 g (occupational) or 0.13 g (population
__ cxpasure),
32-week expasure (ingested)

= 0.13 x 365 = 47 g (population expasure).

This again wouid seem to be much 100 much

if ingested in one dose. A human volunteer
ingested 1 g of uranyl nitrate hexahydrate in
200 cm?® water (= 0.47 g uranium).'d! He ex-
perienced rather violent vomiting, diarrhoea
and slight albuminuria with a peak uranium
output in urinc at the rate of 8 mg U/L. (on two
specimens of 30 mi). In the first 7 days he
excreted in his urine 2.5 mg of uranium element.

It was thought therdore that he may have °

absorbed about | per cent of the ingested dose,
i.e. much greater than the 10~ fraction esti-
mated by ICRP (1959) and based on animal
work.™ More recent work by Fisut ef ol oq
dogs given uranyl fluoride in water by mouth,
showed that uptake into the bloodstream aver-

aged 15 per cent of the rather high dose

administered.

It scems that the 1959 occupational m.p.c.
for ingestion might have been rather high and
that the irritative effect of these comparatively
large amounts or uranium on the gastrointes-
tinal tract may have Leen underestimated.®

"The occupational m.p.c. for ingestion is how

cver only of interest as a measure of the gravity
of an accidental ingestion in a radiation worker.

The more important figure 10 establish is the
population dase for ICRP Group B(c) which
an individual may ingest at one time. Evidence
is lacking, but it is suggested that approxi-
mately onc-third of the dose found w0 be
irritating to the gut in the above experiment
might be allowable, ie. 150mg uranium
(mcasured as the clement). This would be
cquivalent to averaging the maximum per~
missible cxposure over 2 days il only fluid
intake (1200 cm?%/day) is contaminated, but
would represent a shorter time than this if total
water intake (2200 cm3/day) is contaminated.®

Since children’s kidneys are about one-tenth
the size of an adult’s, it would seem logical to
reduce the above intake by one-tenth for
environmental use.® The weight of both
kidneys in a new bom baby is 20-30 g, whilst
the weight of both kidneys in adults is 260-
360 g.*¥ . The fluid intake of a baby is about

® JCRP Publication 6 has tackied these probicms by
reducing factor f,, (fraction reaching organ of refer
ence by ingesion) from 10~ to 10~%, as well as by
laying down masimum limits for inhalation and
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a fifth of that of an aduit, "3 so that this factor
partially compensates for the smaller size of a
baby’s kidneys relative to those of an adult.

PLANNED EMERGENCY EXPOSURES
OF EMPLOYEES

It is suggested that 10 mg of soluble natural
uranium inhaled over a short period would, on
ICRP principles, lead to a towal dose of 2.5 mg
in the bloodstream (i.c. absorbed dose). This is
somewhat less than the 0.1 mg/kg injccted dose
which Luessexnor et al.'™ mention as the
nephrotoxic dose for man. Therefore a figure
of 10mg nawral uranium in the towal air
breathed over a period might be considered as
a reasonable “planned emergency exposure” in
the ICRP sense. In effect this would be
equivalent to administering nearly 5 days’ dose
at one time, but this dose would be subject to
the rules of other planned emergency exposures.

ENRICHED URANIUM

For enriched uranium the principles dis-
cussed above would apply for the toxic effect.
but the radiological eflect on bone or ‘kidney
could be integrated in the ICRP way. The
simpl~st solution is t0 express maximum single
intakes of uranium in units of weight as above,
and consider that these apply to any given
enrichment of uranium.

Ackmo:cledgmeni—]1 am graieful 10 a number of col-
leagues in the United Kingdom .\tomic Energy
Authority and 10 Dr. J. F. Lounrr of the Medical
Research Council, who have criticised an carlier
draft of this paper.
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Amount Stored
per unit
wind velocity

(A/U)
kg sec/m

100.
200.
500.
800.

1000.
2000.
5000.
8000 -
10000-
20000.
50000 .
80000.

100000.

Incl 2

km

0.04

0.05

0.76

0.94

0.1

0.14

0.2

0.25
0.27
0.36
0.52
0.64

0.7

CONTROL BOUNDARY FOR FIRES

PASQUILL'S STABILITY CATEGORIES

B

km

0.04

0.06

0.1

0.13

0.14

0.19

0.31

0.4

0.44

0.62

1.25

1.4

C

D

DISTANCES

.km

0.07
0.09
0.15

0.2

, 0.22

0.31
0.5
0.66
0.74
1.05
1.7
2.2

2.5

km

0.11

0.16

0.27

0.36

0.4

0.56

1.

1.3

1.5

2.3

3.8

5.

5.6

km

-0.15

0.24
0.42
0.56

0.64

‘1.9

2.4
2.7
A

7.6

10.

12.

km
0.27
0.44
0.8 .
1.1
1.3

2.1

5.6

6.4

10.

19.

27.

- 31.
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DISPERSAL OF URANIUM DURING A FIRE

Report No.: 0866IRJAY-4 (Revised)

Authority: A928941FKll

1

l. Purpose. The purpose of this report is to determine the exclusion
control boundaries for fires involving depleted uranium @mmunition in
transit or in storage. Radiation and chemical toxicity are considered
in establishing the criteria for the control boundaries. This report

is prepared in the absence of experimental data on the amount of
uranium released to the atmosphere during a fire. This lack of

data leads to the conservative assumption that all of the uranium
will be aerosolized in a soluble form.

2. Background.

a. Uranium, as a heavy metal, is an ideal projectile for ammunition.
The advantages are offset by some disadvantages associated(with the
controllable hazards of manufacturing, transporting and storing. The
hazards to workers who process uranium have been identified in numerous
studies. Using proper precautions these workers can be protected from the
exposure to the dust from the processing procedures in a continuous day-
to-day environment. '

b. Natural uranium contains three primary isotopes: U-238, U-235
and U-234. All of the isotopes are radioactive. The limit set for the
exposure of radiation workers is based on the concentration of uranium-
in the air that will damage the kidney, the critical organ. For a worker
in a concentration of uranium dust, the time average value for the
concentration over a 40 hour work week is set as 0.2 mg/m**3, (10CFR20)
The maximum excursion is set at a factor of 3 or 0.6 mg/m**3. (Sax)

-
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c. An accident or fire that occurs during transport or storage
presents some special problems. Not only the people in the immediate
vicinity (emergency and fire fighting personnel) but also people at
distances downwind from the fire are faced with potential over exposure -
to airborne uranium dust. This dispersal of uranium can expose all age
groups in the general public. The exposure limits that have been
established for the working populat1on are not directly applicable
to this group. The standards were written on the basis of continuous
exposure where the concentration of uranium in the body will reach
an equilibrium level. The general population will be exposed to a
single exposure and there will be no significant uranium concentration
in the body at the time of exposure.

3. Population Differences. Different segments of the population will
have different maximum uranium intakes before undesirable effects
begin to occur. These population differences are related to the mass
of the kidneys, where the limit is established at three microgram of
uranium per gram of tissue. This variation of total intake does not
necessarily imply that there will be vastly different concentrations
for the individuals to reach their limits. The factors that influence
the concentration are the individual limit for intake, the ventilation
rate and the time for the exposure. Since we are dealing with an acute
exposure, there will be only minor changes in the effects whether the
exposure occurs in one hour or six hours.

4, Parameters of Uranium Release During Fire. The release of uranium
is assumed to be a point source at ground level. This assumption will
result in calculating concentrations that are higher than will-occur in
practice. This is a conservative approach to the problem. (NUREG 0170)
All of the uranium will be aerosolized in a soluble form.

5. Approach for Limit Calculation. Two approaches will be taken for

the acute exposure limit. The first will be made on the basis of the standard
for continuous exposure and the results calculated for an acute exposure. -
The second is based on a maximum concentration of uranium in the kidneys.
These two approaches yield similar results and provide a basis for selecting
a concentration time factor that is used in calculating the control
boundaries.
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6. Derived Uranium Concentration Limit (Acute Exposure). The established
limit for the concentration of uranium in air, as well as the accepted
excursion factor, was based on continuous exposure. When one is dealing
with an acute exposure, such as a fire, the exposed individuals will

have no initial body burden and the maximum permissible uranium
concentration in air can be higher without the kidneys becoming
overburdened. The following derivation gives a method to estimate
concentration limits for acute exposure.

a. Under continuous exposure, the amount of uranium in the
kidneys will be constant and the amount excreted daily will equal
the amount taken into the body. This may be expressed as:

L*N= r*V*C
"where:

L= 1n(2)/15, the decay constant based on a biological
half-life of 15 days.

N= amount of uranium in the kidneYs.
r= fraction absorbed into the body.
V= ventilation rate (1.25 m**}/hr) .
C= concentration limit (0.2 mg/m**3),
b. During an accidental release, the total amount of ura‘nyium in
the kidneys will not be greater than that absorbed into the body. If

the total body absorption is limited to that permissible in the kidneys
under continuous exposure conditions, then the follgwing relation holds:

N=r*V*C/L= r*V*(t/8)*D

where:
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t= number of hours over which exposure occurs.
D= derived concentration limit.

"'I’his may be solved for the derived concentration time limit
~ and the result is:

D*t=8*C/L =7ur ,_ Sl

- Substituting for C and L, the concentration time factor is found
to be 34.6 mg-hour/m**3,

7. The second approach to calculating the control limit uses the maximum
permissible concentration of uranium in kidney tissue. According to WASH
1251, this is three microgram per gram of tissue. For an adult with a

- kidney mass of 300 grams, this gives a total of 900 microgram of uranium

in the kidneys. ICRP 2 give 0.028 as the fraction of the inhaled uranium
that is deposited in 'ghe kidneys.

a. The following equation describes the limiting condition.
0.028*V*C*T=0, 003*M or C*T=0, 003*M/(0 028*V)

where:
V= ventilation rate (m**3/hr).
= qoncehtration (mg/m**3),
M= mass (g).

T= time (hours).
b. The results of the calculations for various age groups are given
. in the following table. Two sets of data are reported that reflect the

different ventilation rates that are given in NUREG 0172 and the Radiological
Health Handbook
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Group Kidney- Ventilation ' C*t
mass rate
g m**3/hour mg*hr/m**3
"NUREG 0172 ,
Infant 55 . .233. 25.24 .
Child 100 292 - - . 36.66
Teen 210 . 562 . 39.97
Adult 300 © .833 > 38.57
Radiological Health Handbook
Infant (ly) 55 .195 30.09
Child (10y) 175 .616 30.43
Adult (avg) 300 .95 33.83
Adult (work) 300 1.25 25.71

c. The mass of the kidney for the child in the table using the
data for breathing from the Radiological Health Handbook is based on
the data from Spector by averaging the masses for the 9-10 and 10-11
years. This is higher than that used as the average of the 1 to 10 year
(see NUREG 0172). The transfer from the blood to the kidneys is
0.ll. ' .

8. Selection of a Concentration Time Limit. Both of the above approaches
yield values that are always greater than 25 mg-hour/m**3, This is to
be compared to 8 mg-hour/m#**3, the weekly limit for a production worker. -
It is instructive to evaluate the implications of the use of 25 mg-hour/m**3
in terms of estimated effects of acute exposures on the body functions.

9. A single Intake into the blood stream may produce death if the
amount exceeds 1 mg/kg of body weight. (Luessenhop) (Wright)

The concentration time factor of 25 can be used to calculate the body
intake by remembering that 25% of the soluble uranium that is inhaled
will be absorbed and by using the respiration rate for the particular
age group. This can then be compared to the body weight.

Group Respiration Absorbed Body Ratio
Rate Uranium Mass
m**3/hr , mg kg ' mg/kg
Infant .233 1.456 10.7 .136

~ Child .292 1.825 21 _ .086
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Group Respiration — Absorbed Body Ratio
Rate Uranium Mass
m**3/hr mg kg mg/kg
Teen «562 3.512 - 45 .078 .
Adult .833" 5.206 70 - .074
Adult (work) 1.25 - 7.812 70 1

10. This evaluation of the use of the ‘concentration time factor as 25
mg-hour/m**3 indicates that the acceptance of this value as a limit

is not unreasonable. The body burden is less than 0.15 mg/kg which is
less than 15% of the limit that Luessenhop, et al, set for an acute exposure
to possibly result in the death of an individual. For the balance of the
report, a concentration time factor of 25 mg-hour/m**3 will be used

for the control limit,"

11. Plume Depletion.

a. The plume depletion is calculated by the equation:
R=0.9-0.05862*1n(x)—0.01037*(1n(x))**.2. For x 0.1
R=l For x¢ 0.1
where:
| R= fraction remaininé in the piume. AL
x= distance of plurhe travel in kilometers.

b. This equation approximates the graph of Figure 2, NRC Regulatory
Guide 1.111 and is applicable for all atmospheric conditions when the
releases are at ground-level. Plume depletion is dependent on many
different factors: Gudiksen, et al, studied the depletion rates for
plutonium dioxide releases over different types of terrains. The
fraction remaining in the plume, as calculated using the above
equation, will be larger (hence, more conservative) than those
reported by Gudiksen. ' :
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12. Uranium Concentration in the Plume. The uranium concentration

in the plume was calculated using the constant mean wind model
(equation 3) of NRC Regulatory Guide 1.111. It is assumed that the wind
speed, direction and the source strength will remain constant and

that the release is at ground-level. The concentration time factor can

be expressed as:

C*T=2.032*Q*R*T/IX*U*S ()] =~ N
where:
C= concentration in the plume -~ g/m**3,
Q= source strength - kg/s.
R= plume depletion fac"tor\.'
T= time - hours.
X= ciistance from the source - km.
U= wind velocity - m/s.

S(x)= vertical plume spread based on distance, X, and
the atmospheric stability class - m.

2.032= factor that.accouhts, for the 22.5 degree sector
that is considered.

13. Scenario of an Accident. A fire occurs in an igloo magazine where
depleted uranium ammunition is stored or in a transport vehicle carrying
the ammunition. The stored uranium is released to the atmosphere

in respirable sizes. Three atmospheric stability classes are considered:
(1) Stability classification "B" or moderately unstable. (2) Stability
classification "D" or neutral; (3) Stability classification "F" or
moderately stable. The wind direction is assumed to remain constant;
i.e., within the same 22.5 degree sector, during the release. Several
wind speeds (1, 2, S, 8, and 10 meters per second) are used to calculate
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the distances where various uranium concentrations in air will be reached.

The air concentrations of 25 mg~hour/m*#*3, 8 mg-hour/m**3, and 2.5 mg-hour/
m**3 will be used to indicate various levels of control. These three

levels represent @ maximum acute exposure, the maximum weekly

exposure for workers in uranium production and a value of 0.1 times

the maximum exposure. o

) o
14. Results. The results of the calculations are shown in Tables 1-3.
‘Each table gives the distances for the plume concentration time factor -
to decrease to the specific level. The iterative procedure was stopped
when the calculated distance was within one percent. Some general
comments are: (1) Smaller areas will need to be controlled when
the wind velocity is higher. (2) The more unstable the atmosphere,
the more rapidly the plume disperses. (3) The potential area for control
can be reduced by keeping smaller quantities of uranium in any one area.

15. Discussion.

a. The uranium concentration in the air surrounding the fire will
exceed the concentration limit calculated for an acute exposure..
Emergency personnel working to control the incident are required to

take protective measures to avoid inhaling the dust. Self-contained
breathing unit will probably be most effective in this area,

b. The people in downwind positions should be evacuated if they
are in regions where the concentration time factor is expected to exceed
the acute exposure limit of 25 mg-hour/m**3, Those further downwind
can be advised to remain indoors during the passage of the plume. This
latter measure will give an additional safety factor and reduce the
body burden in the exposed population.

c. This study indicates the general scope of the problem associated
with DU ammunition during a fire. Specific recommendations for a
site are dependent upon a number of factors which are site dependent.
This study does not provide a procedure that will permit an easy evaluation
of a site based on the varying factors.
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d. As an example: Consider a storage location where the facility
has control over the area out to a distance of 3 km. Using the results
for the "F" stability class, the maximum amount in storage is 5000 kg
of uranium. If one has evidence that the prevailing winds and stability
class are such that the wind speed is always greater than 4 m/s and a
stability class is "B", then the maximum amount in- storage is over
400000 kg (see table for class "B" stability). This example is an
illustration of how the tables may be used with site-specific
information.

e. Figures l through 4 show in graphical form the information
contained in the tables. Figure l permits a visual comparison of
the changes in control boundary with changes in the stability classes.
Figures 2 through 4 will be used to determine the location of control
boundaries for specific storage quantities, or alternatively, the
limits of storage based on the known boundaries which are controlled
around a storage site.

f. This study has.been based on the release of the uranium as a
soluble compound. In the following table, the radiological )
implications for insoluble compounds is given for different body
organs. (Hoenes) The table gives the dose commitment in
‘mrem for 50 years to an individual exposed at the control boundary
of 25 mg-hour/m**3,

Group Lung Total Body Bone Kidney

Infant 642 6.9 100 - 19.8
Child 402 6.3 107 17.1
Teen 398 4.1 ' 68.3 15.6
Adult 343 4.2 71.5 '15.6

6.4 107 24.4

Adult (work) 515

g. The lungs will receive the largest dose commitment which is over
500 mrem per incident for the infant and the working adult. These are
dose commitments for 50 years from a single incident, but the dose is
effectively delivered to the lungs during the first two years. The infant
at the control boundary will receive 563 mrem during the first year from
the single incident. ‘
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16. Adopted Conventions. The follawing symbolic conventions are
used.

a, *= multipliéation.

b. /= division.

C. **= exponent.

d. In = natural logarithm.
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Assume that air sample results have shown that during a fire a group of
workers have been exposed to a cloud of depleted uranium oxides. Airborne
concentrations appear to have exceeded 100 times MPC and workers were present
in this atmosphere between 10 and 45 minutes. Decide what actions you need to
take to evaluate the workers dose and pPrepare a presentation program to the
workers explaining the hazards of uranium, the fate of the uranium that has
entered the workers' bodies and the evaluations that will be performed.
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-Assume that air sample result$ have shbwn that during a fire a aroup of
workers have been exposed to a cloud of depleted uranium oxides. Airborne
concentrations appear to have exceeded 100 times MPC and workers were present
in this atmosphere between 10 and 45 minutes. Decide what actions you need to
take to evaluate the workers dose and prepare a presentation program to the
workers explaining the hazards of uranium, the fate of the uranium that has
entered the workers' bodies and the evaluations that will be performed. .
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Assuming you are RSO at a facility that converts DERBY into metallic uranium.

Describe your response to a biweekly bioassay sample from a worker that con-
tains 130 ug/1 uranium by fluorometric analysis.

Assume the high reading was
discovered 3 days after the sample was collected.

Would your response change
if a worker with a similar job on a different shift
result. If so, how would it

also showed a similar high
change?
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A fire in a building where uranium is machined has spread to the duct work and
resulted in considerable damagé. Déscribe the assessment actions you, as the.
radiation safety officer in charge of the facility, would take once the fire
is extinguished. " Consider especially the following: (1) The fire fighters
and their equipment; (2) Potential environmental releases; (3) A radiation
safety program for facility entry and damage/material inventory; (4) The
notifications that might be required presuming that some depleted uranium had
burned in the fire. :

~



HEALTH PHYSICS ASPECTS OF DEPLETED URANIUM
CLASS PROTOCOL

Reference Text Fundamentals of Health Physics for the
Radiation Protection Officer

Questions: ' The only dumb questions are those that
go unanswered. Please ask. The others
are probably waiting for someone else

- to ask first. ‘ '

Experience: You are each experts in your area. You
- may have valuable information that others
can use. Please share. :

Homework : Reading assignments and some problems
will be given.

Examinations . A pre-course test will be given with a
30 minute time allotted. A final
examination will be given with a two
hour time allotted.

Attendance Yoﬁr signature on the attendance form
' each day of the course is required to
receive an attendance certificate.




HEALTH PHYSICS ASPECTSJOF DEPLETED URANIUM
SCHEDULE

Monday, March 5, 1984

8:00 a.m.
3.
4

12:00 noon
"1:00 p.m. 5.
' 6.
7.
8.
9.

- Introduction

Pre-Course Test
Characteristics of Depleted Uranium

Radiation Physics , Fan Tein Tk

e

BREAK

Radiation Biology and Toxicology
Purpose of Radiation Safety Program *éel%
LUNCH

‘Radiological Survei]lancé Program
- History of Depleted Uranium Production

Military Uses of Depleted Uranium -
BREAK

Uranium Processing to Green Salt
Uranium Processing, Green Salt to Metal

Tuesday, March 6, 1984

8:00 a.m. 10.

12:00 noon

1:00 p.m. 11.
12.

Wednesday, March 7,

Uranium Metal Processing
LUNCH

Waste Management

Dosimetry and Instrumentation
Workshop Instrumentation

1984

8:00 a.m. 12A.
: 13.
12:00 noon

1:00 - 14,

Fire Hazards of DU Munitions
Demilitarization of DU Ammunition

LUNCH

DU Munitions Storage and Transport Munitions

~ Quality Control




Thurﬁday, March 8, 1984

8:00 a.m. 16.
- 7.

12:00 noon

1:00 p.m. 18.

Hard Impact Testing
Radiation Safety for Test Operations

~ LUNCH

Recovery and Restoration

Problem Solving Workshop

Friday, March 9, 1984

8:00 a.m. - 19.
20.

12:00

Aerosol Sampling
Environmental Monitoring
BREAK

FINAL EXAMINATION

CLOSE



HEALTH PHYSICS ASPECTS OF DEPLETED URANIUM

QUTLINE

Characteristics of Depleted Uranium
Isotopic

Physical Properties

Chemical Properties

Nuclear Properties

Radiation Physics

Natural Radiation

Manmade Radiation

Atomic Structure

Isotopes

Radioactive Decay

Properties of Ionizing Radiation
Radiation Quantities and Units

Types of Radiation Exposure

Radiation Biology and Toxicdlogy
Radionuclide Pathways Into the Body
Radionuclide Transport Within the Body
Maximum Permissible Concentrations

Threshold Limit Value

Reference Text

Chapter 1, pages 5-33
pages 49-53

'Chapters 1, pages 31-41
- Chapter 5, pages 3-37

Chépter 7, pages 6-13



Bioassay
Biological Effects of Radiation

Acute and Chronic Exposure

Purpose of Radiation Safety Program

ALARA

External Exposure
Internal Exposure

Contamination Control

Predicting and Controlling Radiological Hazards

Radiological Surveillance Program
Program Administration
Radiological Measurements

Protective Measures
History of Depleted Uranium Production

Military Uses of Depleted Uranium
Uses of Depleted Uranium
Advantages of Depleted Uranium

Disadvantages of Depleted Uranium

Uranium Processing to Green Salt
Mining

Milling

Reference Text

Chapter 3, pages 3-26

Chapter 6, pages 3-26
Chapter 8, pages 15-34

Chapter 4, pages 5-35



10.

11.

12.

12A.

Conversion

Uranium Processing, Green Salt to Metal’

Orange Salt

~Green Salt

Metal

Prurification

Uranium Metal Pfocessing

Conversion of DU Derby to Components
Conversion of DU Derby to Rod

Conversion of DU Rod to Penetratof
Hazards Associated with Mechanical Process

Hazards Associated with Machining/Lathing
Waste Management

Dosimetry and instrumenfation
Per§onne1 DU Dosimetry Program
Personnel DU Dosimetry Types
Factors in Accurate Dose Assignment
Radiation Detector Instruments

Instrumentation WOrkshop

Fire Hazards of DU Monitors

Heat Test (XM774)

Reference Text

Chapter 10, pages 3-14

Chapter 2, pages 5-52



13.
14.

15.

le.

17.

18.

Heat Test (XM829)
Conclusions

Los Alamos Heat Test
Demilitarization of DU,Ammunition‘
DU Munitions Storage and Transport

Munitions Quality Control

DOA Supplier Surveys

Pre-Award and Post-Award.Surveys
Health Physics Programs

Fire Protection Programs

Hard Impact Testing
Surface Contamination

Airborne Contamination

Radiation Safety for Test Operations

Recovery and Restoration
Property
Equipment
Approvatls

Reference Text

Chapter 9, pages 5-54

Chapter 14; pages 3-16

~ Chapter 15, pages 5-42

Chapter 7, pages-14-16
pages 31-44



19.

20.

Aerosol Samp]ing

Respirable Particulates

Routiné Air Sampling

Selection of Sampling Locations and Equipment
Sampling Frequency

Records

Environmental Monitoring
Relationship to Radiation Safety Program
Elements of the Environmental Monitoring Program

Records Requirements

- Reference Text

Chapter 4, pages 21-23
Chapter 5, page 6
Chapter 13, pages 5-50

Chapter 4, page 30
Chapter 3, page 8




CHARACTERISTICS OF DU
ISOTOPIC CONTENT (WTZ)

ISOTOPE ﬁ..w_zmwcm>r URANIUM ENRICHED U DEPLETED y

238U 69.2739: 0.0007  97.04 99.75

0.7204 + 0.0007

- 2350 2.95 0.25

234U 0.0057 +0.0002 0.03 0.0005




PHYSICAL PROPERTIES

DENSITY 119.214 g/cn3 (X-RAY DENSITY, ALPHA URANIUM, 20°C)

16.78 g/cm3  (AVERAGE DENSITY, BETA QUENCHED FUEL AODS, 16°C)

19.05:0.02 .n\o___m (HIGH-PURITY, DIRECTIONALLY SOLIDIFIED, 25°C)
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CRYSTALINE FORMS
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CHEMICAL PROPERTIES

- HIGHLY REACTIVE
PYROPHORIC
COMPLEX CHEMISTRY
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PYROPHORICITY
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NUCLEAR PROPERTIES
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BETA SURFACE DOSE RATES FROM EQUILIBRIUM
THICKNESS OF URANIUM METAL AND COMPOUNDS

’

SURFACE DOSE RATEx

NATY 51 aB | _, | 33

Uo, o

Ury 179

U0, (NO3) 36H0 | "

W05 . | | 204

U3 - _ B -ﬁ
U0, | 176 D T nafem R L?e
NaU,07 - 167 ; A ool s ki

X BETA SURFACE DOSE RATE IN AIR THHOUGH A
POLYSTYRENE FILTER 7 mg/cm 2 THICK.
(REFERENCES:  KINSMANM, 1954; HEALY, 1970) .




RADIATION PHYSICS

NATURAL RADIATION

nQWZMn ,.V V\Vl.o Aro }mN,mtd\? ¢ mﬁ\o‘ ._L
EARTHS CRUST Qe \e = Ylovia.

Pr\(?h/\ll ﬁAln(lra?h“//v

INTERNAL



* RADIATION PHYSICS

ESTIMATED TOTAL ANNUAL AVERAGE WHOLE-BODY DOSES
FROM ‘NATURAL RADIATION IN THE UNITED STATES
et (nrem/person)

SOURCE A, | ~ ANMUAL DOSES
COSMIC RAYS | | | 45

TERRESTRIAL RADIATION

EXTERNAL | | 50
INTERNAL | 25
TOTAL o o 130



" RADIATION PHYSICS

:>caoz=nrmcmm OF mHmszun>znm CONTRIBUTING
‘TO INTERNAL .DOSE

AVERAGE ANNUAL
WHOLE BODY DOSE (mrem)

, T | 0,004

ch 1.0

:ox | | 17.0

37Rs | | - 0.6

210p, | ‘ 3.0

222p, | | 3.0

NN@?» v .



RADIATION PHYSICS
* MAN MADE RADIATIONS

FALLOUT:

" , ,
.hvzmaozm >z= m:mr PROCESSING

MEDICAL
MISC. .qmrm<Hchz COMMON PRODUCTS, AIR 4m><mr~

5 mrem/yr avg.
.{ mrem/yr

18 10 _wm.swa5\<v

1.1 mrem/yr

6SD
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RADIATION PHYSICS

ATOMIC STRUCTURE

PROTON - | ;
NEUTRON
ELECTRON

p\x OA/‘GS\I' .0 &

1= o«o/e}rry |






PROTON
NEUTRON
ELECTRON

 RADIATION PHYSICS
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IONIZATION

ch._.w.o._,. ATOM IONIZATION ION PAIR

-CHARGE




ISOTOPES OF URANIUM
RADIATION PHYSICS

IONIZATION

10NIZING
O PARTICLE

\
o —0

(@)

POSITIVE iON

THE IONIZATION OF AN ATOM
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'NUCLEAR RADIATION

'RADIATION CHARGE RANGE| sHIELD |
TYPE INAIR| |
. (FEET) R
“ﬂﬂ"ﬂl |

ALPHA Q , | 7M

1 e
a PAPER

ALUMINUM |
FOIL/LUCITE

SEVERAL
FEET
CONCRETE
/LEAD
SHEETS

SEVERAL |
FEET WATER
OR PARAFIN
| /GRAPHITE







- TYPES OF RADIATION EXPOSURE

EXTERNAL | ~ INTERNAL
" DIRECT EXPOSURE CONTAMINATION
B~

SUNBURN







| _.._S__._._ZQ EXTERNAL DOSE

o LIMIT  TIME

e MAXIMIZE DISTANCE

» USE  SHIELDING
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"LIMITING INTERNAL EXPOSURE

A1) m va» -n'ﬂ v I.Amant
LAt

e USE

CONTAMINATION
AIR, FOOD, WATER

PROTECTIVE CLOTHING
RESPIRATORY PROTECTION
GLOVE BOXES

HOODS

' SPECIAL PROCEDURES




ENTRY MECHANISMS

INHALATION SKIN

M = \\\Iﬂq x\.

WOUND
CONTAMINATION
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